

J THEATIS'E ON TBS 

METALLUEGY OF lEON. 




A TREATISE ON THE 


METALLUEGY OF lEOl 

CONTAINING ODTUNKS OP 

THE HISTOEY OF lEON MANUFACTTJKE, 
METHODS OF ASSAY, AND ANALYSES OF IRON OR 
PROCESSES OF MANUFACTURE OF IRON AND STEEL 

KTC., BTC. 


By H. BAUEEMAN, F.G.S. 

ASSOCIATE OK TUB BOYAL SCHOOL OF HINES ; ASSOCIATE OF TUB INSTITUTION 
OF CIVIL KNUINBBU8 


FOURTH EDITION, REVISED AND ENLARGED 


iUu«trat£li toith numcrBus SMonb (Engtabings 
FROM DRAWINGS BY J. B. JORDAN 



LONDON 

LOCKWOOD & CO., 7, STATIONERS’ HALL COU 


DUDGATE HILL 
1874 



•• Mir wiisse wie ine*8 Eise macht 
Dnd wie's im Baud zu Massle bacht ; 

Und wie me*s druf in d’ Scbmidte bringt 
Und d’L'jppen untcr’m Hammer zwinprt/* 

HkiikIm 



PEEFACE. 


The HTiportance of the subject has claimed for the 
Metallurgy of Iron much careful scientific investi- 
gation, both in this country and abroad ; but being 
confined, for the most part, to large and expensive 
works, or to the pages of scientific periodicals, it is 
scarcely available for the technical education of the 
great class to whom a general knowledge of the phy- 
sical properties of the ores, and the latest and most 
approved means of reducing them to a condition suited 
for the purposes of the manufacturer, is desirable. 

To supply this want is the chief object the author 
has had in view in producing this volume, which he 
believes will furnish much information that practical 
workers of iron, students, and owners of iron mines 
require, in a condensed and portable form. 

A work of this nature, as a matter of course, must 
a d 
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in a great measure be a compilation from the largeii 
modem publications on the same subject. The author 
acknowledges his obligations to the following published 
abroad : — ^ 

Baeh. — “ Das Eisen,” and the Swedisl^ edition by Akerman. 
Kabbten. — “ Eisenhiittenkunde.” 

Kekl.— “ Hiittenkunde,’* vol. iii. 2nd Edition. 

Rittingeh. — “ Erfahrungcn.*' 

TuNNBit. — “ Stabeisen und Stablfabrikation.” 

“ Report on International Exhibition, 1862,” in the Leoben 
Jahrbuch. 

Wagner’s “ Jahresbericht fiir technische Ohemie.” 

“ Berg und niittenmannische Zeitung of Freiberg.” 

“ Ocsterreichische Bergwcrks Zeitung.” 

Ansiaux and Masson. — Fabrication du Fer,” &c. 

De Vathairb.— “ Etudes sur les Hants Foumeaux.’* 

Gruner and Lan.— “Metallurgio du Fer en Angleterre,” &c., 
publishod in the Annalea dea Minna, 

Jordan. — “ Metallurgie du Fer an Pays de Siegen,” published in 
De Kuyper’s Hevue Jlniveraelle, 


He has also perused with considerable advantage, 
especially in regard to our T^*on Works — Percy’s 
Metallurgy of Iron and Steel/' Truran’s “ Iron 
Manufacture of Great Britain/’ Noad’s article “Iron” 
in “Tire’s Dictionary,” and articles on Iron Works in 
“ Engineering.” 

The illustrations, drawn by Mr. J. B. Jordan, have 
mostly been reduced from large-scale drawings, espe- 
cially those published by the Technical Institute of 
Berlin, under the title “ Zeichnungen fiir die Hiitte.” 


London, March , 1868. 



PREFACE TO THE THIRD EDITION. 


In preparing a new edition of this work, to be issued 
in the series for which it was originally designed, 
advantage has been taken of the opportunity to bring 
it up to the present time by the insertion of notices of 
the principal facts and processes in connection with 
iron making, that have been made public during the 
interval of four years that have elapsed since the work 
was written. These additions have been introduced in 
their proper places in the original text. Among them 
will be found notices of the Siemens-Martin steel pro- 
cess, probably the greatest advance made in iron- 
metallurgy since Bessemer’s great invention, as well as 
the various plans proposed by Heaton, EUerhausen, 
and others. During the final revision of the sheets, 
the Proceedings of the South Staffordshire Meeting of 
the Iron and Steel Association were published, contain- 
ing many papers which appear to be of great imme- 
diate interest, and therefore notices of some of these 
have been given as additional notes. 
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PREFACE. 


The present is the third edition, the second having- 
been issued for circulation in America, with the addi- 
tion of a preface and appendix on the Siemens-Martin 
process, by an eminent American iron-master, Mr.^ 
Abram S. Hewitt, of New Jersey, who is well known 
by his elaborate and exhaustive report on the Metal- 
lurgy of iron as exhibited in Paris in 1867 

London, huptembei^ 187L 


PEEFACE TO THE FOUETH EDITION. 


The last edition having been exhausted sooner than 
was anticipated, advantage has been taken of the 
opportunity of a re-issue to make some additions de- 
scriptive of processes recently introduced, namely, the 
rotative furnaces of Messrs. Banks, Spencer, and 
Siemens, and the application of the latter to the pro- 
duction of wrought iron directly from the ore. It may 
be as well to state, in answer to numerous inquiries, 
that the atomic formuloe throughout are those of the 
old notation. 


London, TfUruayy^ 1874. 
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METALLURGY OF IRON. 


CHAPTER L 

INTRODUCTORY AND HISTORICAL SKEICII. 

The subject of iron-smelting is the largest and most 
important in the whole domain of metallurgy, and, at 
first sight, presents a remarkable contrast to all other 
branches of the smelter’s art. For in the case of most 
of the other metals employed as such in the arts, we 
have, as sources of supply, a numerous class of minerals 
varying greatly in richness and composition, and sus- 
ceptible of reduction to the metallic state by processes 
also differing greatly among each other ; while, in the 
case of iron, the few minerals that can be made useful 
as ores are restricted within much narrower workable 
limits, and form only one class of chemical compounds, 
namely, oxides, wliose reduction can be effected practi- 
cally only by one agent — that is, carbon or carbonic oxide. 
But as a very high temperature is necessary to effect 
the reduction, the metal almost always combines with a 
greater or less proportion of the reducing agent, as well 
as of other elementary substances, such as silicon, 
sulphur, and phosphorus, that may bo present either in 
the ore, the fuel, or the flux, so that the ultimate 
result is never a pure metal, but a series of compounds, 
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varying in properties from great hardness to perfect 
malleability, and from ready fusibility to almost abso- 
lute infusibility. 

Practically speaking, absolutely pure iron may bo 
said to be of no commercial value. Sut, on the 
other hand, extraordinarily small traces of foreign 
elements exert a very marked influence on the metal, 
and it is precisely these small and, in many cases, im- 
noticed differences of composition, that render so many 
points in the chemistry and practical working of iron 
obscure and difficult to be understood. When it is 
considered that the investigation of such problems calls 
for researches involving the utmost refinements of 
analytical chemistry, it is not remarkable that contra- 
dictory statements and opinions still abound on many 
points of the chemistry of iron-making. 

The mechanical considerations involved in this sub- 
ject are almost as important as the chemical; for, 
unlike the smelter of other metals, who is able by fusion 
alone to bring his finished product to a merchantable 
state, the iron smelter has to deal with pasty infusible 
masses, which require to be compacted and moulded by 
pressure by powerful machines, such as hammers, 
presses, rollers, &c., before they can be made available 
for consumption. 

In view, therefore, of the great magnitude of the 
subject, it may be as well to state, at starting, that the 
treatise now placed in the reader's hands is devised to 
fiimish such information connected with the metallurgy 
of. iron as may be necessary for the elucidation of the 
general principles upon which the processes used in the 
reduction of iron from its ores are based. While, there- 
forcj referring the student for the detailed discussion oi 
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tlie various points to the larger works on the same suhi 
ject, — such, for example, as the elaborate volume pub- 
lished by Percy, in this country, and those of Karsten, 
Plachat, Valerius, Julien, Tunner, and others on the 
Continent, — we shall proceed to notice in as succinct 
a manner as possible, the principal facts and opinions 
current in the modern practice of iron-smelting under 
the following general headings : — 

1. Outline of the chemistry of iron from the metallur- 
gical point of view, noticing only such compounds as 
immediately interest the smelter. 

2. Composition modes of occurrence and distribution 
of the ores of iron. 

3. Methods of assaying, mixing, and fluxing ores. 

4. Description of processes whereby the ores are 
reduced to the metallic state. 

Before entering upon the consideration of the above 
subjects, it will be convenient to state broadly the 
nature of the finished products of the iron smelter^s 
labour, and to glance rapidly at the historical part of 
the subject. 

Of the Products of Iron Smelting — Cast Iron — Malleahle 
Iron — Steel. 

Iron is employed in the arts under three several 
states, whose variable properties are mainly due to dif- 
ferences in the quantity of carbon present, and in a 
lesser degree to that of other foreign matters. When 
alloyed with a maximum of the latter element, an 
amount which in ordinary smelting does not exceed 
6 per cent., or fall below 2 per cent., the substance 
obtained is known as cast iron or pig metaL Tbii 
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is a hard and comparatively brittle substance, which 
can be readily fused at a high temperature, and is 
susceptible of being moulded into solid forms by cast- 
ing, 'but also in most modern iron works forms an 
intermediate product in the manufacture of the other 
classes. According as the metal may be most adapted 
for foimders' or forge-masters' use, it is distinguished 
as forge or foundry pig. 

Wrought or Malleable Iron, This, the nearest approach 
to the chemically pure metal that can be obtained on 
the large scale, may be almost absolutely free from 
carbon, and never contains more than 0*25 per cent. 
It is a soft, malleable, and extremely tenacious sub- 
stance, infusible, except at the extreme temperatures 
obtainable in furnaces of special construction, but 
capable of being agglomerated by pressure, when at a 
white heat, to a compact state by the process of welding. 
When heated and suddenly cooled, it retains its soft- 
ness. It may be produced cither directly from the ore 
or by the conversion of pig iron. The varieties of 
malleable iron are distinguished by many different 
names, but these have reference rather to form and 
destination than to differences of composition. 

Steel, Those varieties of iron in which the amount ott 
carbon is above the maximum of malleable, and below 
the minimum of cast metal, are known as steel. The 
distinguishing property of this class of products is the 
power of being hardened or softened at pleasure, by 
sudden or rapid cooling, by the process known as tern- 
pering. Being intermediate in position between wrought 
and cast iron, steel is both fusible and malleable, but 
requires a higher temperature for fusion than the latter, 
and greater compressing power, owing to its lower 
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welding temperature, tlian the former. Those varieties 
that are richest in carbon are the hardest and most fusible, 
and arc known as strong steels, while those thaj are 
nearer malleable iron in composition are distinguished 
as mild steels or stgelg irons. Steel may be obtained 
either direct from the ore at one operation, or indirectly 
by a variety of processes of greater or less complexity 
from either cast or wrought iron. ^ 

Outline of the Progress of Iron Manufacture. The 
history of the production of iron is probably almost* 
co-extensive with that of the human race ; at least, it goes 
back far beyond the periods of authentic history. 
According to the Pentateuch (Gen. iv. 22) the dis- 
covery of iron is attributed to Tubal Cain, who is said 
to have been sixth in descent from Adam. Pagan 
tradition assigns the discovery to Vulcan, placing it 
about the time of Deucalion^s deluge. There can be 
little doubt that the discovery was made at a very 
early period, as the production of small masses of 
malleable iron is one of the simplest of all metallur- 
gical operations, requiring only a small furnace without 
blowing apparatus, such as can be made by digging 
a hole in the side of any bank exposed to the prevailing 
wind, a supply of easily reducible ore, and charcoal for 
fuel. Such processes as these have been described as 
in use in Africa by Mungo Park, and are still employed 
in Birmah ; and probably something of the same kind 
is indicated by the tradition which ascribes the discovery 
of iron in Scythia to the effects of forest fires in dis- 
tricts containing iron ores, when portions of the reduced 
metal are said to have been found among the ashes of 
the burnt trees. 

It may have been, however, that the masses of iron 
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referred to were meteorites, wliose existence was first 
made apparent by the clearing of the ground. 

Homer refers several times to iron and steel. Thus 
in the twenty- third Iliad, Achilles, at the funeral games 
of Patroclus, gives a disc of iro^ as the prize; and 
in the ninth Odyssey, the hissing of the burning stake 
that Ulysses plunges into the eye of Polyphemus is 
comparccl^ to the noise produced when steel is hardened 
by quenching it with water when at a red heat. 

Probably the first important improvement in the 
manufacture was the introduction of the artificial blast, 
which is of great antiquity. In Egjrptian sculptures 
of the reign of Thothmes 111.(1505 b.c.) smiths are repre- 
sented working at a forge, which is provided with two 
simple leather bellows, worked by the pressure of men’s 
feet for the exhaust, and inflated by strings pulled by 
hand, in a manner exactly similar to that still employed 
in Birmah. 

Aristotle (b.c. 384-322) describes the process of making 
cast steel used in India, which is still produced under 
the name of wootz ; and also the manner in which the 
Chalybes of the Euxine procured iron. Pliny (a.d. 23- 
79) mentions the great masses of iron ore still worked 
in Elba, Styria, and Spain, and describes the methods 
of making iron and steel, especially remarking that the 
quality of the latter depended upon the water used in 
quenching, and that small tools were tempered in oil. 
(^^ Natural History,” bk. xxxiv. chap. 41.) 

Diodorus (b.c. 60-40), in describing the iron works of 
Elba, states the ore was reduced to small pieces and 
heated in furnaces ; the charge, when properly softened, 
was removed and divided into small masses, which had a 
spongy appearance (blooms), and were exported to the 
main land of Italy for conversion into tools. 
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Galen (a.t). 131) remarks tliat knives made of Indian 
iron (steel) were remarkable for tbeir strength and 
hardness, but were often so brittle that the cutting 
edge splintered oflP, owing to their having been? im 
properly tempered. 

According to Frahquoy, bellows with valves were in- 
troduced by the Romans into Gaul during the fourth 
century a.d. These, although single acting and made 
of leather, were a considerable advance upon flie savage 
form, which required strings for their inflation. The 
wooden double bellows, which are still in use in some 
parts of the Continent, may be regarded as the pre- 
cursors of the cylinder blowing engine, and were intro- 
duced into the Harz about 1620, either from Franconia 
or Thuringia. 

During the middle ages the great improvement 
consisted in the gradually increasing height of the 
furnace, consequent on the use of ores of an infusible 
and difficultly rcducilde character. This necessitated 
a special means of withdrawing the reduced mass 
of iron (lump or bloom), which was effected througli a 
lateral opening in the hearth, or lower part of the 
furnace, instead of being lifted out from above, as 
was done with the ordinary open fire. With the 
increased length of the operation, tlie reduced metal 
being left for a considerable time in contact with the 
fuel, facility was given for a greater absorption of 
carbon, resulting in the formation of a larger quan- 
tity of molten pig iron, which was run out with the 
slag, than was the case with the open fires. The 
increased height of the furnace is well seen in Agricola 
(“De Re Metallica,” lib. xii. edit. 1546), who describes 
two different methods of iron-working as common in 
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his time. The text is not very clear, but the engravings 
represent, in the first case, an ordinary bloomery, in 
which malleable iron is produced directly from the ore, 
together with a certain quantity of hard or pig iron ; 
while, in the second method described as in use with 
refractory ores, the furnace has a shaft of such a height 
that the furnace-man requires to ascend a short flight 
of steps to reach the throat, or charging-place. It is 
surprising that this author makes no mention of 
foundry work ; but as he states that the “ hard iron 
of the bloomery was useful for stamp heads, ho was 
probably acquainted with the use of iron castings, but 
not with their mode of manufacture. The omission 
may also be accounted for by supposing that no 
foundries existed in Saxony, to which country most 
of Agricola’s descriptions refer, until some time after 
their establishment in the Rhenish and Low Countries. 
The subject of iron-founding is noticed by Lazurus 
Ercker in his Probicrbuch,’^ published in 1574. Kar- 
sten supposed that the Stuckofen, or high bloomery 
furnace above referred to, was of Eastern origin, and 
was first introduced into Styria, travelling thence 
westward to Burgundy and Alsace, subsequently re- 
turning eastward into Bohemia and Saxony ; and that 
the later forms of Blamfen and high furnace (the 
prototypes of the modern blast furnace) were invented 
in the Netherlands. The first indications of the latter 
are found in Lorraine and in the German Rhineland. 
Franquoy, who seeks with patriotic zeal to establish 
the priority of invention of the blast furnace to the 
Liege district, states that according to documentary 
evidence the hauls fourneaux at Vennes and Grivegn^e 
in that country were established before a.d. 1400, and 
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also that the furnace at Marche les Dames was built by 
William, Count of Namur, a.d. 1340. Karsten, on the 
other hand, states that although the knowledge of 
pig iron dates from time immemorial, its use and 
systematic production for foundry purposes cannot 
he traced back with certainty to an earlier period 
than the end of the fifteenth century. 

In England, the blast furnace was probably in use at 
a very early period, as we have evidence, according to 
Lower, of ornamental castings being made in Sussex • 
some time in the fourteenth century. The principal 
seats of the iron trade at that period in England were 
in the great forests of Sussex, Gloucestershire, and South 
Wales, where, under the older forms of bloomeries, iron 
works had existed since the days of the Romans. The 
gradual diminution of the forests of Sussex under the 
demands of the furnace, a process of destruction which 
may be seen going on at the present time with increased 
rapidity in Sweden, North America, and other countries 
producing charcoal iron, led to the passing of a stringent 
act in 1584 (27th Elizabeth) forbidding the further 
erection of iron works in the Weald of Sussex except 
under certain limitations. With the commencement of 
the seventeenth century came the first attempts at 
smelting with mineral fuel, tho pioneer of this parti- 
cular improvement being Dud Dudley, who in 1619 
produced both pig and wrought iron with coal in Wor- 
cestershire ; but the scheme was unsuccessful, owing to 
the opposition of the charcoal iron masters, so that 
after trials in several localities extending over upwards 
of thirty years, all of which ended unfortunately, the 
inventor finally abandoned the subject. A similar trial 
* was made in Hainault by Octavius Strada, a native 
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of Bohemia, in 1G25, who obtained a monopoly of the 
invention for twenty-five years, but it led to no prac- 
tical results. It was not till more than a century later, 
namely, in 1735, that the problem of smelting with coal 
was successfully solved by Abrahq,m Darby, of Cole- 
brookdale, who was the first to use coke in the blast 
furnace, an improvement which spread rapidly into all 
other irourproducing districts situated on or near the 
coal measures. The last furnace in the Weald of 
« Sussex, at Ashbumham, was blown out in 1829, and 
there are now only two or three scattered representa- 
tives of the ancient charcoal furnaces remaining in 
the whole of the United Kingdom. The century fol- 
lowing the success of Abraham Darby is marked by 
the introduction of the two great inventions which 
especially distinguish the modem period of iron manu- 
facture ; that is, the substitution of the reverberatory 
furnace for the open fire in the forge, and the use 
of heated air in the blast furnace. The former change 
effected by the puddling process, invented by Cort in 
1784, has almost superseded all the older methods of 
making malleable iron; and the latter, due to Neilson 
and Condie, and first used at the Clyde Iron Works in 
1828, has greatly increased the productive power of the 
blast furnace, with a diminution in the consumption of 
fuel. 

Since the introduction of the hot blast, the chief 
improvement in the blast furnace is that of intercepting 
the gases, which were formerly allowed to bum to 
waste at the throat, and leading them off by distri- 
buting pipes, to be usefully employed as fuel under 
steam boilers, hot blast stoves, &c. This was patented 
in France in 1811 by Aubertot, the gases being 
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employed for heating steel furnaces. In 1832 the 
waste gases were used for heating the blast at Wasser- 
alfingen, in Bavaria, and a similar apparatus was first 
erected in this country in 1848 by J. P. Bu(fd, at 
Ystalyfera, in Glamorganshire, since which time various 
modifications of the same plan have been adopted to a 
considerable extent, especially in those furnaces that 
are obliged to draw their fuel from a dis^pnee, but 
in other districts, as for example in South Staffordshire 
and Scotland, the old flaming throats still prevail. 

Within the last few years, the chief inventions and 
improvements have been in steel manufacture, and 
many new processes have been introduced. Prominent 
among these is that named after its inventor, Henry 
Bessemer, which, although only of a few years' standing, 
has already effected important services by the produc- 
tion of a material admirably adapted for use in railway 
and other engineering work in place of wrought iron. 
Perhaps the problem of most immediate interest at 
present is that of the economical substitution of me- 
chanical for manual power in the process of puddling, 
so as to enable the forge-master to manipulate larger 
masses of malleable iron at a time, and thus to put him 
more nearly on an equality with the cast-steel maker 
than is the case at present. 

With the exception of the Weald of Sussex, very little 
change has taken place in the position of our principal 
iron-working centres from the earliest time down to the 
present day. Since the great expansion of railways 
several new and important localities have been brought 
into work, the ores being carried to the fuel or the 
reverse, according as might be most advantageous. In 
this way the great northern coal field of England, which 
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is almost absolutely without ironstone, gives rise to the 
largest production in the kingdom by feeding the Cleve- 
land district with coal and coke, and drawing iron- 
stone for its own fhmaces in return. The prevalence 
of cheap ores in the oolitic districts has brought the 
blast furnace to within fifty miles of London in North- 
amptonshire, and the pastoral districts of Wiltshire 
have been invaded by the same visitor. It need not, 
therefore, be a matter of much surprise if at some 
future period the Wealden furnaces were to be re-Ughted, 
as they could be easily supplied with fuel from the 
western coal fields should the supply of ore be sufficient 
to warrant the attempt, especially as on the opposite 
coast of France large furnaces have been established 
for smelting ores out of the same formation, and which 
ai*e supplied with fuel from England. 


CHAPTER II 

OUTLINE OF THE CHEMISTRY OF IRON. 

The chief chemical points involved in the metallurgy 
of iron will next be briefly noticed under this head, 
in the order adopted equally by Karsten in his classical 
“ Eisenhiittenkunde,^' and also by Percy, commencing 
with the pure metal, and proceeding to notice the prin- 
cipal compounds with other elements, metallic and non- 
metallic, that are of importance from a metallurgical 
point of view. 

Metallic Iron, This may be obtained in a chemically 
pure condition by reducing peroxide of iron by hydro-* 
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gen at a red heat, or by re-melting the purest mrieties 
of malleable iron with an oxidising flux, in order to 
remove the last traces of combined carbon. It may 
also be deposited by electrolysis from a solution of pro- 
tochloride of iron, in the form of brilliant malleable 
films, — a process that has been employed by engravers 
to protect the face of engraved copper plates from undue 
wear during printing, and is known as aciera^e, or steel 
facing. It does not appear to be quite certain, how- 
ever, from the contradictory statements made by difier-^ 
ent observers, that electro-deposited iron so obtained 
is absolutely free from nitrogen. 

The physical properties of the metal vary very con- 
siderably, according to the means adopted for its pro- 
duction. When obtained by reducing peroxide of iron 
by hydrogen at the lowest possible temperature at 
which the change can be cficcted (according to Magnus 
between 600^ and 700^ F.), it forms a dark grey 
powder, which combines energetically with oxygen, 
taking fire spontaneously when slightly heated and 
thrown into the air. When, however, the reduction 
takes place at a higher temperature, the metallic powder 
agglutinates to a sponge of a filamentous texture, a 
silvery grey colour, and metallic lustre, which is no 
longer pyrophoiic. 

Larger and more compact masses may be obtained by 
removing the last traces of carbon and other foreign 
substances from the purest commercial wrought iron 
in the following manner : — small quantity, from 300 
to 500 grains, of good wrought iron, such as pianoforte 
wire or Russian black plate, cut up into small pieces, 
and either rusted by exposure to steam or mixed with 
about 20 per cent, of pure peroxide of iron, is to bo melted 
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under glass free from metallic oxides, in a refractory 
crucible, at a strong white heat, the operation requiring 
about an hour’s full heat of a good wind furnace. The 
smalh quantity of carbon present in the metal is ex- 
pended in reducing a portion of the sesquioxide, the 
remainder passing into the slag ; the result being a 
brilliant well-melted button of metal, which exhibits a 
decidedly crystalline structure, similar to that observed 
in meteonles when treated with an etching liquor, and 
is somewhat softer, but less tenacious, than the iron 
originally employed. Another method of obtaining 
iron absolutely pure, or nearly so, has been recently 
adopted by Matthiessen in an experimental research 
into the composition of cast iron. A mixture of proto- 
sulphates of iron and soda, in nearly equal proportions, 
are fused in a platinum crucible until the evolution of 
sulphurous acid gas ceases. The iron is left as a finely 
crystalline peroxide, and may be separated from the 
fused mass by treatment with water, the last traces of 
sulphuric acid being removed by long and careful 
washing. The peroxide so obtained is reduced to the 
spongy state by hydrogen, and the spongy metal, after 
being consolidated by pressure in a steel mould, is 
melted in a crucible, made of caustic lime, before the 
flame of the oxyhydrogen blow-pipe. The metal pro- 
duced by this method is said to be free from phosphorus, 
silicon, and calcium, but contains a minute trace of 
sulphur. 

The electro-deposition of iron has recently been 
eflected, on a comparatively large scale, by Jacobi. 
Instead of the protochloride, a solution of the double 
sulphate of protoxide of iron and magnesia is used, care 
being taken to keep the solution as nearly neutral as 
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possible. The strength of the electric current must be 
regulated so that very little hydrogen is evolved. 

Electro-deposited iron obtained by this process is 
exceedingly hard and somewhat brittle, but, on anneal- 
ing, especially in hydrogen, it becomes malleable, soft, 
and silvery- white. The specific gravity is 7*675 in the 
state of original deposition, which is increased by an- 
nealing to 7*811, in the same manner as ordinary 
malleable iron or steel. Like palladium, it possesses 
the power of dissolving or occluding hydrogen, though 
to a considerably smaller extent. By heating the de- 
posited iron in vacuo it gives up from seventeen to 
twenty times its volume of hydrogen. 

According to Lenz {Pogg. Ann 1870, vol. v., p. 242) 
the properties of electro-deposited iron vary very con- 
siderably according to its subsequent treatment. When 
the iron is deposited by a weak current from a solution 
containing no free acid, it is of a fine granular texture, 
not showing a crystalline structure under the micro- 
scope, and exceedingly hard, so that it can scarcely 
be touched by the file. The hardness is given, accord- 
ing to the mineralogical scale, as 5*5, or intermediate 
between that of apatite and felspar. It is also re- 
markably brittle ; thin plates can be rubbed to powder 
between the fingers, and even a piece iV of an inch in 
thickness was easily broken. By annealing over a 
cnarcoal iirc, the hardness is reduced to 4*5, ?>., the 
iron scratches fluor-spur, but not apatite ; and the brit- 
tleness is replaced by extreme softness and ductility ; 
the thin plates, that crumbled when handled before 
annealing, becoming so tenacious that they may be 
repeatedly folded backwards and forwards even oftener 
•than a sheet of paper without breaking. When 
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heated in vacuo, electro- deposited iron changes colour, 
and becomes nearly as white as hammered platinum ; 
at the same time a considerable quantity of the 
gases, absorbed during the reduction, are given off. The 
proportion between the volume of these gases, which 
consist chiefly of hydrogen, and that of the iron plate 
depends chiefly upon the thickness of the latter ; the 
absorptive power diminishing as the thickness increases. 
In one instance a very thin film was found to contain 
1S5 times its volume of occluded gases. The iron 
which has been deprived of its gases by heat is ex- 
tremely susceptible to oxidation, and rusts rapidly 
when kept in water free from air ; at tho same time 
hydrogen is reabsorbed to a small extent, so that the 
oxidation is due to the decomposition of water by the 
iron at ordinary temperatures. 

Action of Heat. The melting-point of pure, or 
even ordinarj^ malleable iron has not been deter- 
mined with certainty. According to Pouillet it lies 
between 1,500 and 1,600^ centigrade, while Scheerer 
gives it as 2,100® of the same scale. The linear 
dilatation by heat is between 0® and 100®, and jsar 
between 0® and 300® G.* 

Magnetism. Pure iron is susceptible of being mag- 
netised to a much higher degree than steel, but unlike 
the latter metal, it does not retain its magnetism when 
the exciting cause is removed. The following deter- 
minations of the proportional magnetism of different 
compounds of iron are by Pliicker (Miiller^s Physik,*' 
vol. ii. p. 402) : — 

* In future, except where otherwise slated, the temperatures will he , 
ejtj^ressed in centigrade degrees. 
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Magnetic power. — Metallic iron 100,000 

„ Magnetic oxide .... 40,227 

„ Native peroxide . ... 701 

„ Precipitated peroxide . . 714 

, , Solution, nitrate of peroxide 410 

,, „ protochloride . . 490 

,, Hydrated peroxide . . . 296 


Specific Heat. 0*11379 according to Rcgnault, or 
0*1100 by Dulong and Petit. The conducting power for 
heat is 374, gold being taken as 1,000 (Despretz). The 
electrical resistance (as determined by Pouillet) is 5*88 
times that of a copper conductor of equal sectional area. 

The crystalline forms of iron are most probably to be 
referred to the cubical system, although there is some 
difference of opinion on this subject. Fuchs supposed 
them to be in part rhombohedral, and that the metal is 
dimorphous ; the balance of opinion is, how'cver, in 
favour of the former view. The observed forms are the 
cube, octahedron, and tetrahedron. According to Peli- 
got, brilliant cubical crystals are occasionally obtained 
when protochloride of iron is reduced by hydrogen in a 
porcelain tube at a red heat. The equivalent or atomic 
weight of iron is 28 when hydrogen is taken as the 
unit of the scale, or 350 when oxygen is taken as 100 ; 
its symbol is Fe. 

Pamvity of Ivon. When a bright iron wire is im- 
mersed in fuming nitric acid, containing a certain 
amount of nitrous acid, it becomes passive ; that is, it 
is not dissolved, even if placed in acid of the ordinary 
strength, as long as no great increase of temperature 
takes place. If, however, the temperature bo raised, or 
the metal be touched by a copper wire, it is immediately 
attacked and dissolved. 
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If the experiment be tried with ordinary nitric acid, 
a violent action is set up, and goes on until the wire is 
completely dissolved ; but by removing it from the 
liqifid, and keeping it out until the adherent film of 
acid has become saturated, the face of the metal becomes 
of a dead white hue, and on re-immersion is found to 
have assumed the passive condition, which it retains 
until it is rubbed or polished. Steel wire, when similarly 
treated, gives rise to a violent ebullition for about twentj 
seconds, which suddenly ceases, and no further action 
takes place. This behaviour is characteristic of all 
varieties of steel, however they may have been pro- 
duced, and is a good method of distinguishing them 
from soft iron, which is rapidly dissolved under these 
conditions. By placing a bar of steel and another of 
iron in the same acid, and bringing their ends which 
project beyond the liquid into contact, the latter is 
rendered passive, and remains so as long as the 
temperature of the liquid is not raised above 40®. 
Steel which has been rendered passive in the cold may 
be digested for an indefinite period in boiling nitric 
acid, without undergoing any perceptible alteration. 

The cause of this peculiar property is not well made 
out ; it is, however, supposed that it may be due to the 
formation of a very thin, but closely adherent film of 
oxide, which in some way acts like a varnish and pro- 
tects the metal below from any further alteration. 

According to the recent researches of Ordway, the 
maximum temperature at which passivity may be in- 
duced in malleable iron varies with the strength of the 
acid used. 

Thus, with acid of specific gravity 1’38, iron is 
passive at 31®, but is attacked at 32®; with 1-42' 
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it is passive at 55®, but is attacked at 56^. Witli 
red fuming acid of specific gravity 1*42 iron is passive 
at 82*^, but is attacked at 83®. 

Conipoundn of Iron and Oxygon, Iron unites with 
oxygen in many difiPerent proportions, of which com- 
pounds three are simple oxides ; but these combine 
among themselves into more complex bodies. The 
following are the simple forms, with their symbols, 
atomic weights, and percentage compositions : — 



S)’inl)ola. 

Atomic Weight. 

rercentag** 

Composition. 



Iron. 

Oxygen. 

Iron. 

Oxygen. 

Protoxide, or ferrous 






oxide .... 

FeO. 

28 

8 

77-7 

22*2 

Peroxide, sesqui-, or 






ferric oxide . . 

Fe20* 

56 

24 

70-0 

30*0 

Ferric acid . . . 

FcDa 

28 

24 

63-9 

4G-1 


The first and last of the above compounds are very 
unstable substances, and have never been isolated, or 
at any rate with sufficient certainty to allow of a deter- 
mination of their physical aad chemical characters. The 
peroxide, on the other hand, occurs abundantly in a 
nearly pure state, forming the hard and brilliant 
mineral known as hematite or iron glance, A lower 
oxide of the composition, Fe'^O, is said to be formed 
when iron is burnt in oxygen, but this is doubtful. 

Protoxide of Iron, Although it has been generally 
stated that this oxide is too imstable a substance to be 
able to exist in an isolated state, yet according to Dcbray 
it is formed when mixtures of steam and hydrogen are 
passed over sesquioxidc of iron at a red heat, provided 
that the proportion of the two gases to each other be 
;iot less than equal equivalents, or more than three 
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of hydrogen to one of steam. With a greater propor- 
tion of hydrogen metallic iron is formed. The oxide so 
produced is said to he a non-magnctic black powder, 
which may bo burnt in air, forming magnetic oxide. 
There are several known combinations of proto- and 
peroxide of iron. The most basic, and therefore the 
nearest approach to the pure protoxide, is found in 
the inner portion of the black magnetic scale which 
foims upon the surface of bar iron when heated to red- 
ness with access of air. The scale so formed, when 
of any thickness, is found to vary in composition 
from a nearly pure sesquioxide externally, to a sub- 
stance which, although probably not a definite chemi- 
cal compound, may be represented by the formula 
6 FeO + Fc^O^ on the inside in contact with the 
metal. When the two oxides are combined in equal 
equivalents, a substance is formed wliich occurs largely 
in nature as a definite mineral, known as magnetite or 
magnetic iron ore, which crystallises in the cubical 
system, and is, as its name implies, distinguished for 
its magnetic properties. It is a member of the group 
of minerals known as the Spinel group, all of which 
crystallise in the same form, and have the same general 
formula of RO + ; or, as it is sometimes con- 
tracted, R^O^ thus FeO + =Fe®0^ 

Hydrated Protoxide of Iron may be produced by pre- 
cipitation from the solution of a protosalt by the addi- 
tion of potash or soda. It is a white flocculeiit powder, 
which almost immediately becomes green from the 
formation of hydrated magnetic oxide. When freshly 
prepared, however, the protoxide is soluble in 150,000 
times its own weight of water, to which it gives an alkaline 
reaction. It is a strong base, and unites readily with 
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acids to fonn protosalts, wliich are mostly unstablo 
compounds unless kept out of reach of the air, as they 
absorb oxygen with greater or less facility, and pass 
into the state of basic salts of the peroxide. The most 
important of these salts occurring in an anhydrous state 
is the carbonate^ FeO. CO^, which is found abundantly 
in nature crystallised in a pure state as spathic iron 
ore, or siderite, in isomorphous combination with the 
carbonates of lime and magnesia as hroicn spar and 
pearl spar, or in an amorphous state associated with a 
greater or less proportion of carbonate of lime and clay, 
forming concretionary nodules, or septaria, of clay iron- 
stones and ccincnt-stoncs in argillaceous strata of 
different geological periods. 

Protocarbonate of iron is sensibly soluble in water 
containing free carbonic acid, forming a bicarbonate, 
which is retained as such as long as the solution is pro- 
tected from the air, but is rapidly altered by absorption 
of oxygen into hydrated peroxide by exposure, as, for 
instance, when waters that hold iron in solution are 
exposed in ponds or swamps. This property has a 
most important bearing on the . origin of ores, as it 
furnishes a means by which large masses of mineral 
may be elaborated from rocks comparatively poor in 
iron. 

When heated to redness with access of air, proto- 
carbonate of iron is decomposed, giving rise to the 
magnetic oxide, half of the acid being reduced to car- 
bonic oxide in order to supply the necessary oxygen : 
thus — 

2 FeO. CO® = (FcO + Fe^O®) + CO + CO®. 

When iron-filings diffused through water which has 
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been thoroughly deprived of air are subjected to the 
action of carbonic acid gas, the water is partially decom- 
posed, hydrogen is evolved, and protocarbonate of iron 
is firmed, which remains in solution until the excess of 
acid is removed. 

Peroxide or Sesqinoxide of Iron (Fe^O®). This oxide 
is largely met with in nature, both anhydrous, as 
hematitCy iron glanccy or red iron orOy a mineral having, 
when in its purest state, a bright metallic lustre, and 
crystallising in the rhombohedral system, and in com- 
bination with water forming various hy dilates, among 
which are hroicn hematitey limoniiey &c. It may be 
made artificially by calcining protosulphatc of iron 
at a strong red heat, the salt, by its decomposition, 
giving rise to sulphuric and sulphurous acids, and a 
bright red piJvcrulent peroxide known as rougCy col- 
cothaTy or croensy which is extensively used as a polishing 
material by glass and metal workers. The reactions 
in this process, which is employed commercially in the 
manufacture of fuming or Nordhausen sulphuric acid 
are as follows : — 

2 FeO. SO^ = Fe-0’ + SO* + S0\ 

Pulverulent varieties of the same substance, but 
differing in colour and tenacity, may bo obtained by the 
calcination of other salts of iron as follows : — 1, from 
the pernitratc, which yields a nearly black product ; 2, 
from the persulphide, giving a rouge suitable for gold- 
smiths — this requires a long-continued, and finally, 
rather a high heat ; and 3, from the neutral protoxalatc, 
which gives a very finely divided product. 

A brilliant variety occurs in small steel-grey crys- 
tals in the hollows of lavas from Vesuvius and other- 
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volcanoes. One of the finest examples of this kind, 
brought from Ascension. Island, is now in the Museum 
of Practical Geology. It may be artificially imitated 
by calcining protosulphate of iron at a strong red-Tie<it 
with three times its weight of chloride of sodium. 
The latter salt is unaltered, and may be dissolved out 
with water ; the residue is peroxide of iron in brittle 
and crystalline scales of a dark violet or nearly black 
colour. These brilliant varieties arc distinguished by 
mineralogists as specular iron, iron glance, or oligidic 
iron. 

Peroxide of iron is also found crystallised in regular 
octahedra in the mineral known as Martite, which be- 
longs to the cubical system ; it occurs in conjunction 
with the rhombohcdral variety in lavas from Vesuvius 
and other localities, and also in the slaty hematites of 
Lake Superior. 

The true composition of this mineral is rather doubt- 
ful. It has been sometimes considered as a pseudo- 
morph of magnetite. Pammelsberg found in octahedral 
crystals from the eruption of Vesuvius in 1855 as much 
as 15 per cent, of magnesia, and has described them as 
magnoferrite. He is not, however, prepared to regard 
this as necessarily a new definite member of the spinel 
or group, but considers it to be a dimorphous form 
of the peroxide, containing magnesia in isomorphous 
mixture, the peroxides and protoxides being capable 
of replacing each other without change of form. This 
view, if further extended, would make magnetite only a 
particular variety of octahedral hematite, in which the 
two isomorphous oxides are to each other in equivalent 
proportions, and would fairly explain the deviation in 
•composition of nearly all magnetites from the theoretical 
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formula — sometimes one and sometimes the other 
oxide being in excess of the required amount. 

Peroxide of iron forms a series of salts parallel to 
thosh of the protoxide, but it is difficult to obtain them 
of a neutral composition, as their solutions have a ten- 
dency to decompose into basic and acid salts, the former 
usually precipitating, while the latter remain in solution. 

At ordinary temperatures the peroxide is a very 
stable substance ; it may, however, be decomposed by 
heating it nearly to a white heat, when magnetic oxide 
is formed with evolution of oxygen ; thus — 

SFeW = 2PuW + 0; 

a reaction which explains why magnetic oxide is pro- 
duced when iron is burnt, in oxygon, the temperature 
of the combustion being too great to allow of the exist- 
ence of the higher oxide. 

Hydrates of Pcro.vi( f Iron, The liydrate produced 
by precipitation from tlic solution of a persalt of iron, 
or by spontaneous oxidation from the hydrated peroxide, 
consists of two equivalents of peroxide of iron combined 
wdth three of water, or 2 3 HO. It forms the base 

of a large class of minerals known as earthy brown 
hematite or limonite, and is the ultimate product of 
the alteration of any substance containing protoxide of 
iron when exposed to the action of atmospheric air and 
moisture. 

When boiled in water for seven or eight hours, the 
hydrated protoxide loses water, and is reduced to the 
form of Fe^O^. HO, which is a brick-red powder but 
slightly soluble in. acids, and also occurs in nature 
beautifully crystallised in the minerals gothite, lepi- 
docrocitc, &c. 
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The last equivalent of water may be removed, and 
anhydrous peroxide obtained, by heating the hydrate 
in a solution of chloride of calcium, or common salt, for 
several days, at a temperature of 160 ^ to 180 °. 

Hydrated peroxide of iron is sensibly soluble in water 
containing carbonic acid, or any soluble organic salt of 
ammonia, such as are produced by the decomposition 
of vegetable matter. In the latter case the solution is 
attended with a reduction, and the formation of a proto- 
salt of the organic acid. 

Magnetic Oxide of Iron, This compound, one of the 
most important commercial sources of iron, is formed of 
equal equivalents of the per- and protoxide, or FcO + 
Fc^O^ or short Fc'^O^. It is a black mineral of high 
lustre, ciystallising in the regular system, tlie com- 
monest fonns being either octahedra or dodecahedra, 
which may be artiiicially imitated by passing steam 
over iron wire at a red heat, when small brilliant black 
octahedra arc formed on the surluco of the metal. The 
natural mineral is always magnclic, often polar, and 
occasionally forms magnets capable of supporting con- 
siderable weights. The two latter conditions do not 
depend so much upon purity of composition as upon 
molecular structure, as they are best developed, not in 
the purest crystallised varieties, but rather in the com- 
pact slaty kinds, which often contain a considerable 
amount of foreign, especially earthy, matter. 

The other compounds of the two oxides of iron, which 
are formed by the oxidation of wrought iron when 
heated to redness in the air, have already been noticed 
under the head of Protoxide. 

Hydrated Magnetic Oxide of Iron, ^Vhen freshly 
precipitated hydrate of protoxide of iron is boiled in 
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waier, liydrogen is evolved, and a hydrate of the mag- 
netic oxide is formed. According to Lefort, two 
different hydrates may be obtained by pouring solu- 
tions containing both proto- and persulphate of iron 
into boiling potash or soda in excess. When the 
salts of the two oxides are to each other in the pro- 
portion of equal equivalents, we obtain 2 (FeO + Fe^O^) 
3 HO, aijd in the second case, where the persalt is to 
the protosalt as 1 to 6, the resulting hydrate is of the 
composition 6 FeO + Fe^O^ + 4 IIO. Similar results 
may be obtained with cold solutions by the use of am- 
monia as a precipitant. 

Magnetic Peroxkk of Iron. Malaguti states that 
whenever carbonate or any organic salt of protoxide of 
iron is heated in the air until the aeid is completely 
dissipated, a pure peroxide is obtained, which is always 
magnetic ; and also, that -when the hydrated peroxides 
produced by the spontaneous action of the air upon 
hydrated protoxide, or iron rust, which processes are 
always accompanied by the formation of ammonia, are 
calcined at a gentle heat, similar magnetic varieties of 
the peroxide are produced; while, on the other hand, the 
peroxide produced from the decomposition of a persaH 
is not in any degree magnetic, cither before or after 
calcination. 

The above statements are disputed by De Luca, who 
supposes that probably the magnetic effect is due to a 
small quantify of protoxide, not altered by the low 
heat cmploj^ed, as the property is lost when the oxide 
is subjected to a higher temperature. Probably these 
contradictory views may l>e reconciled by assuming 
that peroxide ot' iron is under certain conditions slightly 
magnetic, but that the property is fugitive and may b? 
dissipated by heat. 
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It is not a little remarkable that the only chemist 
who has succeeded in obtaining protoxide of iron 
should describe it as non-magnet ie. Iiarnraelsd>erg 
found the octahedral peroxide from Vesuvius, contain- 
ing 15 per cent, of magnesia, to be magnetic. 

There is a large class of minerals analogous in con- 
position to magnetite, represented by the formula RO + 
K^O***, known as the Spinel group, in whiclj the pro- 
toxides are those of magnesium, zinc, iron, or manganese, 
and the peroxides alumina and peroxide of iron. Some 
of these substances have been formed artificially, among 
them are, magnetite (FeO. FeW), black spinel (MgO. 
AFO^), franklinite (ZnO. MnO. Fe^O'*) ; and magno- 
ferrite (MgO. Fe^O®). The latter substance, artificially 
produced by Deville, has been described by Rammels- 
berg as occurring in the products of the eruption of 
Vesuvius in 1855. 

Ferric Acid. This, the liighesi known oxide of iron, 
has the formula FeO^ and is very similar in its pro- 
perties to the corresponding oxide of manganese, MnO \ 
or manganic acid. It may be formed, among other 
methods, by fusing finely divided iron with four times 
its weight of nitre, or by passing a cuiTont of chlorine 
through a concentrated solution of caustic potash con- 
taining peroxide of iron in suspension. In the latter 
method the following reaction takes place : — 

3 Cl + 5X0 + = 3 KCl -f 2 KO. Fc*0»; 

the ultimate products being chloride of potassium and 
ferrate of potash. The latter salt, being insoluble hi 
excess of alkali, is slowly precipitated, if the solution 
of potash bo sufficiently strong, as a black powder, 
which may be dried on unglazed porcelain, but is 
immediately decomposed when brought into contact 
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with filtering paper or any organic matter. It is 
eoliible in water, giving a fine red solution, which is 
slowly decomposed when evaporated, even in vacm, 
with the production of potash, peroxide of iron, and 
ox 3 '’gen. No on^ has as yet succeeded in isolating 
ferric acid from its potash salt. 

Iron and Nitrogen, The eifect of nitrogen upon 
iron, and' more especially steel, has attracted the atten- 
tion of many chemists, and several elaborate memoirs 
have been published at different times on this subject. 
Unfortunately, however, the results obtained by dif- 
ferent chemists are so contradictory, that it is impossible 
at present to decide with anj^ degree of certainty as to 
whether nitrogen plays an important part in deter- 
mining the good qualities of steel or not. All that will 
be attempted in this place will be to give a short 
analysis of the principal researches published up to the 
present time. 

According to Fremy, when iron wire is heated to 
dull redness for several hours in a current of ammonia- 
cal gas, it increases in weight from 12 to 13 per 
cent., and show^s but little tendency to alteration >vhen 
exposed to the action of the air. The nature of thi{' 
change is not well understood, as it is not certain 
whether the product contains hydrogen or not. A 
similar substance is formed by acting on protochloridc 
of iron with ammonia vapour at a red heat, the chloride 
being decomposed with the production of sal-ammoniac, 
peroxide of iron, and an amide salt, which in its turn 
is destroyed by the water present, forming ammonia 
and peroxide of iron. The residue of the operation is a 
fritted mass, partly fused, and often containing a grejush, 
brilliant, metallic-looking mass, which is nitride of iron * 
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This substance is less oxidisable than pure iron, and may 
be made permanently magnetic, although less perfectly 
than steel. By heating in a brasqued or carbon- 
lined crucible, it acquires the property of hardtoing 
when plunged into water at a red heat. Although it 
may be heated to redness in air without change, it is 
immediately decomposed when heated in an atmo- 
sphere of hydrogen, ammonia and pure iron being 
formed. The amount of nitrogen absorbed* is said to 
be about per cent., which corresponds in composi- 
tion. to Fe'^'N. 

According to Savart, however, the increfise in weight 
of iron wire exposed to the action of ammonia vapour 
for nine hours is onlj^ -rid or about i per cent. At 
the end of one or two hours the iron shows a finely 
granular fracture, and can bo rendered sufficiently 
Lard, by quenching in cold water, to give sparks when 
struck with a flint ; but when the process has con- 
tinued from eight to ten hours a more than ordinarily 
soft iron is obtained, no longer susceptible of temper- 
ing, and of a dark grey colour and graphitic appear- 
ance on a fractured surface. Pick obtained a similar 
small increase in weight, amounting to about tyu when 
a spii al iron wire was heated to redness in a current of 
ammonia for one hour and a quarter, and only 
when a straight and thicker wire — that is, one present- 
ing lc.^s surface — Avas substituted. 

Bouis and Boussingault have determined the amount 
of nitrogen contained in various kinds of commercial 
iron, as well as in an artificial nitride pr(*pared by 
IJespretz; the latter contained about 2| per cent , 
while in the former the nitrogen varied from lia to 
I per cent. 
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Iron and Phosphorus, Iron may be made to com- 
bine with phosphorus at a red heat, either directly or 
during the reduction of an oxide of iron in the pre- 
sence of an earthy phosphate and carbon, the latter 
condition being of very common occurrence in metal- 
lurgical practice. Percy, in a sj’^stcraatic account of 
the phosphides of iron, describes no less than seven, as 
follows : — 


1. Fe^aP. 

2. FeflP. 

3. Fe^P. 

4. Fe-P. 

5. Fesp*. 

6. FesP*. 

7. Fe»P9. 


Formed by dropping phosphorus on to red-hot iron. 

„ heating Fe-'P. 

„ reducing protophosphato of iron with carbon. 

„ exposing iron reduced by hydrogen to phos- 

phorus vapour at a low temporaturo. 

„ reducing sesquiphosphate of iron with hydro- 
gen at a white heat. 

„ acting on phosphuretted copper and iron with 
nitric acid. 

„ passing phosphuretted hydrogen over iron 

pyrites at a low heat. 


The composition and properties of the combinations 
of iron and phosphorus have been reinvestigated by 
Freese, who has arrived at results (Poggendorf^ AnnaU 
zen, vol. cxxxii., p. 225) differing in some particulars 
from those obtained by former observers. The method 
principally adopted for the formation of the phosphides, 
consisted in heating metallic iron or its compounds in 
a current of phosphuretted hydrogen, produced by the 
action of caustic potash lye upon amorphous phos- 
phorus; the gas so obtained not being subject to spon- 
taneous ignition when brought in contact with the air. 
Berzelius’s method of fusing phosphate of iron with 
carbon was also employed. Freese states that only 
three definite compounds can be obtained by these 
means ; they have the following atomic and percentage 
compositions : — 
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Sp. fl:r. 

PLosphoruB. 

Iron. 

I. 

Fe'T2. 

rr04 

57-53 

52-47 

II. 

Fe‘-^P. 

5*21 

42-47 

57-53 

HI. 

Fe^P. 

6-74 

21.G8 

78.32 


The first of the above compounds is produced by the 
action of phosphoretted hydrogen at a red heat upon 
iron reduced by hydrogen ; it is described as a dark 
bluish- grey non-magnetic powder, infusible and un- 
alterable in the air at ordinary temperatures, but 
burning, when heated, with an evolution of phosphorus,* 
whereby it becomes reduced to the compound Fe^P. 
It may also be formed from anhydrous protochloride 
of iron, or magnetic pyrites, as well as from metallic 
iron. The phosphide Fe^P is formed by heating proto- 
sulphide of iron, FeS, in phosphuretted hydrogen ; it 
is generally similar to the former one, but is somewhat 
lighter in colour. When heated it burns, but without 
giving off phosphorus, and the resulting phosphate 
contains both oxides of iron. The most basic of 
the three phosphides, Fe^P, is formed by exposing a 
mixture of 3| parts of phosphate of iron and 1 of 
lamp-black, under a covering of common salt, in a 
crucible to a white heat for four hours. The fused 
mass is afterwards treated with weak hydrochloric acid, 
in order to remove the salt and the excess of undecom- 
posed phosphate, the quantity of carbon employed being 
insufficient to reduce the whole of the latter salt, so as 
to prevent the formation of carburized iron. The 
residue of this operation is light a grey crystalline 
powder, which is non-magnetic, and in other respects 
very like the higher phosphides previously described. 

When heated in hydrogen, carbonic oxide, or car- 
bonic acid, none of the phosphides of iron show any 
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sign of fusibility ; but in air they are more or less 
completely oxidized with the formation of phosphates. 
With the higher ones, this change is only superficial, 
the Crust of phospliate protecting the powd.cr under- 
neath from further action ; but the lower form, Fe^P, 
is completely altered, and fuses to a dark crystalline 
mass, having a metallic lustre. The fusibility usually 
attributed to the last-mentioned phosphide is, accord- 
ing to Freese, due to its containing iron and carbon 
as impurities. 

When any phosphide of iron is heated with hydro- 
chloric acid it is very slowly, but entirely, decomposed, 
the phosphorus being partly evolved as phosphoretted 
hydrogen, and partly oxidized to phosphoric acid, the 
proportion of the former to the latter being as 5 to !i ; 
the oxygen and hydrogen in the two compounds stand- 
ing in the same atomic relation to each other, as they 
do in water. 

Phosphate of Iron. Of the numerous class of salts 
formed by the oxides of iron and phosphoric acid, only 
one is of any great interest, namely, the natural 
mineral known as Vwianite^ a product of alteration by 
partial oxidation of the tribasic phosphate of the pro- 
toxide, its composition being represented by the some- 
what complex formula, 6 (3 FcO. PO’’) + (3 Fe^O*. 
2 PO*^) + 8 HO. It is very commonly formed in wet 
ground from decaying animal or vegetable matter con- 
taining phosphates, such as hard wood, or more 
especially bones and teeth of animals, when brought in 
contact with water containing a protosalt of iron in 
solution. Beech-trees growing in soils containing iron 
pyrites, which by decomposition yield protosulphate of 
iron, often deposit vivianite in their stems and roots 
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while still living, from the absorption of the sulphate 
which is decomposed by the phosphate of lime present 
in the plant, with the production of insoluble phos- 
phate of iron in the cells of the trunk. The -wood 
becomes very hard by this addition, and when the tree 
is cut down the surface of the stump gradually assumes 
a greenish-blue colour by the absorption of oxygen 
from the air. The same mineral is also common in the 
bones and teeth of animals that have bccomer imbedded 
in peat bogs, either as a dull blue incrustation or 
occasionally in small acicular crystals in the cavities, 
and occurs at times in the organic remains con- 
tained in impervious clays. An example of this is 
furnished by the fossils contained in the Oxford clay 
in Buckinghamshire, where the shells have at times 
entirely disappeared, leaving only a hollow east in the 
stiff clay, the cavity being often lined with small 
tufts of vivianite and gypsum, derived from the mutual 
reaction of the products of decomposition of the soft 
parts of the animal and the mineral matter of the 

Phospiiorus is one of the most unwelcome ingre- 
di< nts in iron ores, from the ease with which it passes 
into the metal during the smelting process, producing 
the most injurious effects if present in more than a 
very small proportion. 

Wrought iron containing not more than yV per 
cent, of phosphorus, is not sensibly affected in tenacity, 
but is only rendered somewhat harder ; with | pei* 
cent, it becomes somewhat cold short, or incapable of 
being wrought cold under the hammer without break- 
ing; with A pt>r cent, the cold shortness is very 
decided ; and 1 per cent, makes the metal very brittle. 

c3 
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The tenacity of cast iron is also sensibly diniinisbcd by 
phosphorus, so that the metal made from the worst 
kinds of bog ores cannot be employed for castings 
requiring great strength; but this is counterbalanced 
by the properties of acquiring great fluidity, and 
taking good impressions, which render it proper to 
be used for small and intricate ornamental castings. 

Arsenic and Iron readily imite, forming compounds 
which may be subjected to a high degree of heat 
without decomposition. Those compounds are usually 
known by the German term, Speiss^ and are of common 
occurrence in the smelting of arsenical silver and lead 
ores when the reduction of the sulphide of lead is 
effected by iron. They are found in thin layers 
of a columnar cr 3 ^stalline structure between the reduced 
lead and the supernatant regulus of copper and other 
sulphides when the molten contents of the furnace are 
allowed to settle in a basin after tapping. The ordi- 
nary composition of such a speiss is represented by 
the formula Fe®As. ; when nickel or cobalt is present 
in the ore it invariably passes into it. 

Although arsenic and iron are found in combina- 
tion in a great variety of minerals both as arsenides 
and arseniates, yet, as none of them are used as iron ores, 
nor do they as a rule occur in any quantity as acci- 
dental admixture with such ores, it is rarely that 
arsenic is found as an impurity in the metal. Two 
instances are, however, recorded of its presence in 
considerable amount in cast iron, both being in shot 
and shell of Turkish origin, those brought from Sinope 
containing 16*2 per cent., while of others found in the 
arsenal at Algiers on the French occupation in 1830, 
tie shells contained 9 and the shot 27 per cent. Such 
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metal is very brittle, white, with a brilliant radiated 
structure, and unfit for conversion into malleable iron 
by the puddling process, as it yields bars which are 
red short, or brittle at a red heat, although sufficiently 
tenacious to bear hammering when cold. A smaller 
amount of arsenic is, however, said to be beneficial when 
the metal is intended for chill casting ; that is, for 
castings whose surfaces are artificially hardened by the 
use of cold metal moulds. 

Sutj^hur and Iron. The compounds of sulphur and 
iron are of considerable importance to the iron smelter, • 
as they are commonly present as impurities in many 
iron ores, and impart the defect of red shortness to the 
metal, even when only a very small proportion of sul- 
phur is taken. The protosulphide, FeS., corresponding 
in composition to the protoxide, is not found in nature, 
but may be readily formed by dropping sulphur on to 
heated scrap iron, or in the wet way by adding an 
alkaline sulphide to the solution of any protosalt of iron. 
When produced by the first method, it melts easily to a 
dark bronzy-black mass, with a metallic lustre, which 
combines readily with the sulphides of other metals, a 
property which is largely utilised in the smelting of 
copper and silver ores ; the so-called matte, coarse metal, 
or regulus, is an example, being a sulphide of iron con- 
taining more or less of the sulphides of the valuable 
metals, which is obtained in the first fusion, whereby 
the earthy matters in the ore are eliminated, and 
the metallic contents concentrated for further treat- 
ment. 

The protosulphide is but slightly affected when 
heated with ordinary reducing agents, such as carbon, 
or even hydrogen, but may be almost completely decom- 
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posed at a high temperature by oxidising substances, 
such as peroxide of iron or silica, or by the action of 
air at a red heat, the change in the latter case being 
accompanied by the formation of various sulphates of 
both protoxide and peroxide ; the ultimate product, 
however, being pure peroxide of iron. 

The persulphide Fe^S^ may be formed artificially, but 
does not occur in nature in a free state, although it is 
found in- combination with the sulphides of other 
metals, more especially those of copper. 

Magmtic Pyrites, or Pyrrhotine, 6 FeS + FeS^, the 
most basic of the native sulphides of iron, is a bright 
bronze-coloured mineral, crystallising in the rhombohe- 
dral system, and remarkable for its magnetic properties, 
which are, however, feebler than those of the magnetic 
oxide. It is occasionally found in association with iron 
ores, but more generally with those of copper and 
nickel, as wcU as with native gold, being more especially 
confined to crystalline rocks. 

Bisiitphide of Iron, FeS^. This is the well-known 
substance which, under the name of iron pyrites, is 
found in greater or loss quantity in every member of 
the geological scries. Two principal varieties are dis- 
tinguishable, namely, ordinary iron pyrites, which is of 
a brassy-yellow colour, crystallising in the cubical 
system, and marcasite, or white iron pyrites, a rhombic 
mineral, of a lighter colour, softer, and more readily 
decomposed than the cubical kind. The percentage 
composition is, iron 48, sulphur 52. 

When heated in close vessels, iron pyrites is decom- 
posed with partial separation of sulphur, which sublimes, 
leaving a residue of proto- or perhaps magnetic sulphide. 
If, however, the operation is conducted with a free 
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access of air, the sulphur burns to sulphurous acid, caus- 
ing a great increase of temperature, and is ultimately 
wholly expelled, leaving peroxide of iron behind, which, 
if the pyrites employed be sufficiently pure, may be 
used as an iron ore. The residues obtained from pyrites 
in sulphuric acid manufacture are so employed in 
Cleveland, under the name of Blue Billy- When exposed 
to moist air, iron pyrites, especially the rhombic variety, 
is rapidly changed to protosulphate of iron, and con- 
versely, when the latter salt is brought into contact 
with decomposing organic matter in situations where 
air is excluded, pyrites is formed. It is probably in 
this way that the greater part of the pyrites existing 
in sedimentary rocks has been formed. 

Sulphate of Protoxide of Irou. This salt, well known by 
its commercial names of green vitriol or cop]icra>% crystal- 
lises in the oblique system, foiming pale green crystals 
having the composition FeO. SO^ -t 7 HO. Like most 
other salts of the same base, it is very susceptible of 
oxidation, changing colour in the air even when crys- 
tallised, but more rapidly when in solution, by the 
absorption of oxygen and the formation of partly soluble 
and partly insoluble sulphates of the peroxide. These 
are very complex in composition, and arc described at 
length in the larger chemical text-books. Among them 
are several minerals, such as coquimbite, copiapite, 
misy, and others. 

Iron and Chlorine. There are two chlorides of iron, 
corresponding in composition to the two lower oxides, 
or protochloride, Fed, and perchloride, Fe^CF. The 
former is produced when metallic iron is dissolved 
in hydrochloric acid, and maybe obtained in a hydrated 
form by concentrating the solution, when green crystaL? 
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are deposited. These are doubly oblique in form, and 
haYe the composition FeCl + 4 HO. 

When hydrochloric acid gas is passed over iron wire 
heat^ to redness, anhydrous protochloride is formed, and 
condenses in the cooler portion of the tube in colourless 
cubical crystals. The hydrated perchloride may be 
prepared by boiling the protochloride with nitric acid, 
by dissolving peroxide of iron in hydrochloric acid, or 
by the action of aqua regia on metallic iron. The 
solution obtained by either of the above methods yields 
on evaporation, rhombohedral crystals, whose composi- 
tion is Fe^CP + 6 HO. 

The anhydrous perchloride is formed when dry 
chlorine is passed in considerable quantity through a 
porcelain tube containing iron wire heated to redness. 
It crystallises in hexagonal scales, which deliquesce in 
moist air. 

When magnetic or other mixed ores, containing both 
per- and protoxide of iron, are dissolved in hydrochloric 
acid, both chlorides are formed in the solution, in the 
same proportion to each other as that of the two oxides 
in the substance operated upon. This property is of 
great value to the analytical chemist, as by it he is 
enabled to determine, in many cases, the state of oxida- 
tion in which iron exists in the ore. 

Iron and Silicon, According to Percy, iron does not 
combine with silicon when heated with silica unless 
carbon be present. Under the latter condition, 
however, by reducing an intimate mixture o per- 
oxide of iron and sand with charcoal in a wind 
furnace, a variety of cast iron may be obtained con- 
taining as much as 13 per cent, of silicon, which 
is very hard and brittle. By effecting the reduc- 
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tion at the high temperature of a Siemens steel 
furnace, Riley has obtained cast iron with 21 per cent, 
of silicon. It is highly crystalline, and silvery white 
in colour 

Protosilicate of Iron, Protoxide of iron combines 
readily with silica at the welding temperature of the 
metal. Familiar examples of this property are furnished 
by the use of sand in the smith’s forge to remove the 
scale formed during the heating of the iron, and also by 
the so-caUed forgo and mill cinders produced in the 
welding of malleable iron by the puddling and reheat- 
ing processes. 

The whole of the above substances are essentially 
tribasic silicates of protoxide of iron, represented by the 
formula 3 FeO. SiO^, containing 70 per cent, of pro- 
toxide of iron, and 30 per cent, of silica, which melts at 
a white heat, becoming very liquid, and crystallising on 
cooling. 

When formed under favourable conditions the crystals 
are often very perfect modified rhombic prisms, analo- 
gous in fonn to those of oUmne, a silicate of magnesia 
having a similar atomic constitution, w^hich occurs 
largely in volcanic rocks, and also in meteoric stones. 

When heated with access of air, protosilicate of iron, 
such as the slag of the puddling furnace, is decomposed, 
the iron passes in great part into the state of peroxide, 
and separates, from the silica, giving a substance which, 
under the name of ‘^bull-dog,” is largely used for 
linin g the hearths of puddling furnaces. The refractory 
nature of this product is due to the infusible character 
of the two oxides, and their inability to unite and fuse 
together when exposed to an oxidising atmosphere. 

By reference to the percentage composition given 
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above it will be seen that silica requires 2,^ times its 
own weight of protoxide of iron to form a slag, or, what 
is the same thing, one part by weight of silicon takes 
up rather more than 3f parts of metallic iron. These 
figures indicate the great loss of iron which takes place 
ill the refining of pig iron rich in silicon. 

The iron contained in puddling-furnace cinder and 
other slags of a similar character may be reproduced by 
treating them in the blast furnace, either alone, or, what 
is preferable, in admixture with the ordinary charges of 
ore and flux. As, however, nearly the whole of the 
]ihosphorus contained in the original ore is passed into 
the slags during the process of puddling, the metal 
produced from them is necessarily of very infeiior 
quality. The term cinder pig is applied to this kind of 
iron, in contradistinction to mine pig^ which is smelted 
from ores alone. 

Richardson found that when pure tribasic protosilicate 
of iron was heated with carbon, two-thirds of the iron 
w^as reduced to the malleable form, leaving a slag of 
the composition FcO. SiO^. 

Silicon renders malleable iron hard and brittle. Owing 
to the ease, however, with w^hich this element can be 
removed in the manufacture, it is rarely present in 
quantity sufficient to exert a marked influence. On 
cast iron its effect is very similar to that of carbon, and 
as both are of common occurrence in, and exert an im- 
portant joint influence on, pig iron, it will be more 
convenient to consider this point subsequently. 

Iron and Carbon. Combination between iron and 
carbon may be readily effected in several different ways, 
either by the direct action of carbonaceous fuel, or 
more properly carbonic oxide gas, at a high tempera- ^ 
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turc, as takes place in the reduction of ores by the blast 
furnace, or by maintaining the metal in a compact 
state, such as ordinary bar iron, for a lengthened period 
at a lower temperature in contact with charcoal, Com- 
pounds containing cyanogen, or the vapour of hydro- 
carbons. The latter process, called cementation, is applied 
on a large scale in the manufacture of steel. 

As has been already stated in the introductory para- 
graphs, the iron of commerce is divided into wrought 
iron, steel, or cast iron, according to the amount of 
carbon taken up, the proportion in the different varieties 
being, according to Karsten, as follows : — 


1 Name. 

Percentage of 
Curlioii. 

Properties. 

1. Malleable ii'on 

0-2r> 

Is not se nsibly hardened by sudden 
cooling. 

2. Steely iron . 

o-3a 

Cim be slightly hardened by 
quenching. 

3. Stool . . . 

0-50 

Gives sparks with a flint when 
liurdcned. 

4. do. ... 

1*00 to 1-50 

Limits for steel of maximum hard- 
ness and tenacity. 

6. do. ... 

1-75 

Superior limit of welding steel. 

G. do. ... 

1-80 

Very hard cast steel, forging with 
great difliculty. 

7. do. ... 

1-90 

Not malleable hot. 

8. Caet iron . . 

200 

Lower limits of cast iron cannot 
be hammered. 

0. do. ... 

600 

Highest carburetted compound ob- 
Siinable. 


Condition of Carbon in Iron, Carbon may be con- 
tained in cast iron cither in chemical combination, or 
diffused through the mass in the form of crystals of 
graphite which have separated from the molten metal 
in cooling. The latter variety is known as grey, and 
the former as white, cast iron. 

WTien grey cast iron is dissolved in an acid, its 
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graphitic carbon remains unaltered in the insoluble 
residue ; but when the white variety is similarly treated, 
only a small portion of the carbon separates, the com- 
bined portion uniting with the hydrogen evolved from 
the water decomposed during the solution of the 
metal, and forming hydrocarbons which are partly 
liquid and partly volatile : the latter have a very fetid 
smell. 

By sudden cooling, as in the process of chill casting, 
grey cast iron may be rendered white : the effect is 
usually only superficial, the interior still retaining its 
greyness. 

According to Caron, the state in which carbon exists 
in steel depends upon the treatment to which the metal 
has been subjected. The softer qualities contain it as 
graphite, which is liable to pass into combination by 
hardening or hammering ; by annealing, the graphitic 
character is restored. It would appear from this that 
chill casting and the hardening of steel are probably 
due to the passage of carbon from the free to the com- 
bined state. 

Much has been written at different times by numerous 
observers on the probable atomic composition of the car- 
bides of iron, but great diversity of opinion still prevails 
on this point. Karsten supposed Spiegekisen, or specular 
pig iron, the most highly carbonised and crystalline 
white metal, to be a carbide of the composition Fe'^O, 
which would contain 5’08 per cent, of carbon. Dick, 
however, w^as unable to obtain white iron by reducing 
perfectly pure sesquioxide of iron with an excess of pure 
carbon at the highest temperature of an assay furnace, the 
result being a grey button of metal containing about 4 J 
per cent, of uncombined carbon. As Spiegel eisen, how-* 
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ever, contains a notable quantity of manganese, it is 
probably tbe latter metal that influences the combina- 
tion of the carbon, and that the carbide, if it exist 
at all, may be represented as (FeMn)^C, but' its 
existence has not as yet been determined by experi- 
ment. 

Eammelsberg states that Karsten’s formula for 
Spiegeleisen cannot be established, even supposing the 
carbon to be partly replaced by silicon, as the 
largest quantity of the latter element is found in the 
most highly carburetted varieties ; thus, Miisen Spie- 
geleisen contained 0 5 of silicon, that of Magdesprung 
0*17 per cent., and Styrian, with only from 3*75 to 4*14 
per cent, of carbon, but 0*01 to 0*027 per cent. 

Gurlt has endeavoured to establish the existence of 
a lower carbide corresponding to the formula Fe®C, 
which he supposed to stand in the same relation to 
grey, that Karsten’s tetracarbide, Fe^C, docs to white 
cast iron. This compound was supposed to have been 
found at Gleiwitz, in Silesia, crystallised in octahedra 
in the hollows of misoimd castings made of dark grey 
iron, which on analysis yielded — 

Carbon combined . . . .2*46 

„ graphitic .... 2*84 

Silicon 0*26 

Iron 94*20 

99*76 

The formula deduced from this is Fe®(C.Si), the silicon 
taking the place of a portion of the carbon. 

Eammelsberg, on the other hand, states that these 
and similar crystals from other localities are probably 
. only metallic (malleable) iron, containing variable 
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amounts of impurities, such as carbon, silicon, phospho- 
rus, and sulphur, and that their composition cannot be 
expressed b}^ Gurlt’s formula unless all these foreign 
matters are supposed to replace a portion of the carbon, 

Kalle mentions a fact observed by Richter at the 
Prussian ordnance foundry at Spandau, whicli appears 
to confirm Rammelsberg’s opinion. When dark grey 
iron was melted and exposed to the highest heat 
attainable in a revorberatorj^' furnace, tlie amount of 
combined carbon was reduced to 0*12 per cent, out of a 
total of 3 per cent. Guns cast from this over-heated 
metal, which failed on proof, were found to be sensibly 
bulged near the muzzle, and in one instance the bore 
increased gradually, indicating a decided softness, 
Kalle therefore sui)poses that such metal may be con- 
sidered as a mixture of malleable iron and graphite, 
the almost entire separation of the combined carbon 
being due to the excessive heating. 

Graphitic carbon is found to a small extent in white 
iron, as is seen in the following analyses by liromeis 
of cast iron from Magdesprung, in the Ilfirz. 


Xame. 

Conihined 

Cui'Imd). 

Oniphitic 

C:u'Ik)Ii. 

Totul. 

1. Ihijylit wliito iron . . 

2. White ftn-ge pig . . 

3. Spiegeloi«en . . . 

Per (’out. 
2*518 
2*908 
3*100 

]*er CtMit. 
0*500 
0*500 
0*720 

Per Cent. 
3*018 
3*458 
3*820 


Dark grey cast iron, in addition to uncombined car- 
bon, often contains silicon in the same state, the latter 
element being capable of assuming a graphitic cha- 
racter. It occurs more particularly in the products of 
hot blast furnaces working in difficultly reducible ores. 
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Very white iron, on the other hand, such as Spiegel- 
eisen, can only he produced from easily reducible ores, 
especially those containing manganese. 

When sulphur to the extent of about per cent, is 
melted with grey cast iron, a portion of the carbon 
separates in a sooty form, and an intensely hard white 
metal is produced. With a smaller quantity of from 
5 to ^ per cent, a mottled iron of great strength is 
obtained, which, when broken, shows a quantity of grey 
spots, enclosed by reticulating lines of white, on the 
fractured surface. The well-known Swedish gun- 
foundry iron is of this character, a small portion of 
sulpliiir being introduced by the use of an ore containing 
a little iron pyrites, and admixture with the ordinary 
charge of the blast furnace. 

The method of imparting carbon to malleable iron 
so as to form compounds less highly carburetted than 
cast iron, by exposing it, at a temperature below its 
melting point, to the long-continued action of charcoal, 
is called cementation, and the product of the operation 
is know as cement or hlhter steel. A similar effect is 
produced more rapidly when the iron is heated in coal 
gas, or the vapour of a volatile hydrocarbon, such as 
paraffine, instead of charcoal. The superficial cementa- 
tion of wrought iron by heating it for a short time in 
contact with carbonised leather or cyanogen comjxainds 
is termed case hardeuing. 

The exact cause of the change cffi'ctod in bar iron 
by cementation has not been conclusively determined, 
and has recently been the subject of a long- continued 
controversy between two French chemists, Messrs. 
Fremy and Caron, in the proceedings of the Academy 
of Sciences at Paris, the essential point in dispute being 
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tlie necessity or otherwise of nitrogen for the production 
of steel. Fremy considers that cast iron and steel are 
not simply compounds of iron and carbon, but that the 
presence of other elements is necessary, such as sul- 
phur, phosphorus, silicon, arsenic, and nitrogen, but 
more especially the latter. The following extraordi- 
nary analysis, said to be of a first class razor blade 
made from Dannemora iron, is quoted in support of 


this view : — 

I. 

II. 

Carbon . 

. 1*43 . 

. 0*087 

Sulphur 

. 1*00 . 

. 0-220 

Silicon . 

. 0-52 . 

. 0-115 

Antimony 

. 0-12 

— 

Arsenic 

. 0-93 . 

. trace 

Phosphorus . 

. — 

. 0-034 

Kickel . 

. 018 

— 

Manganese . 

. 1-92 

— 

Iron 

. 93-80 . 

. 99-544 


99-90 

100*00 


Analysis II. of Dannemora iron by Henry is sufiicient 
to show that the steel in question could not have been 
produced by the ordinary processes of steel manufacture. 

The general classification of commercial iron according 
to Fremy’s hypothesis is as follows : — 

1. Wrought iron is more or less pure iron, the softest 
kinds being the purest. 

2. Cast iron is iron combined with more or less of 
carbon, part of which may be replaced by silicon. 

3. Steel is a ternary compound of iron, carbon, and 
nitrogen, or nitro-carburetted iron. 

Caron, on the other hand, while admitting the value 
of nitrogen in fiicilitating the conversion of malleable 
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iron into steel, is not disposed to consider it as an essen- 
tial ingredient on account of the very small amount 
that can be discovered in steel by analysis. 

The contradictory results obtained by different Ae- 
mists who have attempted to form nitrides of iron have 
already been noticed at p. 28. 

Dick found that electrotype iron was more readily 
converted into steel by cementation in an atmosphere 
of hydrogen than the best sheet iron, a fact that bears 
heavily against Fremy^sview, as the metal was remark- 
able for softness and purity, and was free from nitrogen. 

Marguerite, in a recent article, states that steel is 
formed when iron is heated with diamond dust in 
hydrogen, or alone in carbonic oxide. In the latter 
case carbon separates from the gas and is taken up by 
the metal, and carbonic acid is produced. When silicon 
is present it is oxidised to silica at the expense of the 
carbonic oxide, also with a separation of carbon. 

A new theory of cememtation has recently been pro- 
pounded by Graham, founded upon the property pos- 
sessed by iron of dissolving carbonic oxide at low tem- 
peratures. 

As the case stands at present, the weight of evidence 
is certainly against the necessity of the existence of 
nitrogen in steel, and it is most likely that the older 
view of Karsten, that its essential qualities are due to 
variations in the amount of carlK)n, is in the main 
correct, although they may be modified by the presence 
of other elements. 

From what has been previously advanced as to the 
composition of cast iron, the following propositions may 
be deduced : — 

1. The greater part of the carbon is in white cast 
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iron chemically coihbined, and in grey diffused as 
graphite. 

2. Neither variety is, however, entirely free from 
graphitic or combined carbon respectively. 

3. Although containing carbon in chemical com- 
bination, there is no certain evidence of the existence of 
any defined carbide in white iron, but Spiegeleisen 
may possibly be a double carbide of iron and man- 
ganese. 

4. Dark grey iron is not a lower carbide of iron than 
Spiegeleisen, but is probably only a mixture of malle- 
able iron and graphite, and its chemically combined 
carbon may be reduced to a minimum by intense heating 
when melted. 

5. Silicon is a common constituent of grey cast iron. 

6. Chill casting, and the addition of sulphur, tend 
to produce whiteness in grey cast iron, and a similar 
change may be effected in steel by hardening or forging. 

The combination of mechanical with chemical analy- 
sis has been recently applied to the investigation 
of the composition of cast iron by Mr. G. J. Snelus, of 
Dowlais. He found that when very grey pig iron was 
reduced to a coarse powder in a steel mortar, scales of 
graphite were removed from the crystalline facets of 
the iron, and these, when subjected to combustion, were 
entirely converted into carbonic acid without leaving 
any residue, proving them to bo even purer than 
natural graphite. A large proportion of the gra- 
phitic carbon can also be separated when borings of 
grey pig iron are sifted through fine silk gauze, or levi- 
gated with water; the finer and lighter portions in 
each instance retaining the largest amount of carbon, as 
shown in the following percentage determinations. 
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Origiiiid Caibon. 

Fine 

Siftings. 

Light 1 
WaBhmgf8.| 

1. Bossciiior pig . . 

2. „ ,1 • . 

3. Clcvuland forgo pig . 

f Graphitic . . 3*31 
\ Combi tied . . — 

i Graphitic . .319 
( Combined . . 0’20 
? Graphitic . . 2 65 

t Combined . .0*35 

9-11 

7-79 

017 

7*02 

0-30 

28;41 

21-27 

41-33 


These results show clearly that in grey pig iron tho 
free or grapliitic carbon can be more or less perfectly 
separated by mechanical means, while the combined 
carbon decreases in the same ratio as the residual iron. 
On the other hand, no separation of silicon could bo 
effected by this method ; for instead of increasing in 
the finer and lighter portions, as the graphite does, it 
actually decreases with the increase of the latter, thus 
proving that even in the most highly siliciferous 
pigs the whole of the silicon is in the state of com- 
bination. 

Of the influence of other Metals on Iron^ Alloys of 
Iron. Iron alloys with great difficulty with the com* 
inoner heavy metals, but more readily with gold, and 
those of the platinum group. None of these alloys 
have as yet been economically applied to any extent. 
The following remarks are chiefly irom Guettier : — 

Copper and Iron may bo melted together in almost 
all proportions, but it appears to be doubtful whether any 
homogeneous alloys can be produced. A small quan- 
tity of iron added to bronze or brass causes a considerable 
increase in tenacity. Malleable iron or steel containing 
copper to the extent of 0*45 or 0-5 per cent, shows 
symptoms of red shortness, which become decided with 
a larger quantity. 

• Zinc and Iron do not form any useful alloy ; about 
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7 per cent, of tLe latter metal may be taken up when 
zinc is kept melted in cast-iron pots, or when its vapour 
is passed through wrought-iron tubes. The former con- 
dition prevails in the process called galvanising^ or the 
zincing of sheet iron by immersion in melted zinc. 
The cast-iron pots used for holding the molten metal, 
where exposed to the greatest heat, arc slowly corroded 
with the formation of an alloy which does not differ 
much in appearance from metallic zinc. The formation 
of this substance is a source of considerable loss in the 
manufacture, but may be prevented by filling the pot 
to a certain height with melted lead, upon which the 
zinc floats, and only comes in contact with iron at a 
temperature below that necessary for combination. 

Tin and Iron. These metals unite in almost every pro- 
portion, but their alloys are not employed as such in the 
arts. When a]) plied in a similar manner, however, to zinc 
in the galvanising process — ^that is, when slieet y an is 
immersed in a bath of melted tin — the well-known 
tin-plate is produced. An inferior variety, coated with an 
alloy of tin and lead, is called ternc-plafe. Malleable 
iron containing O’o per cent, of tin is hard, but cannot be 
hammered cold, and welds with difficulty. Cast iron 
with about 5 per cent, of tin is hard, and breaks with 
a fine steely fracture : it has been tried as an alloy for 
casting bells. Tin with 2 per cent, of iron is magnetic, 
sensibly duller in lustre than the pure metal, and hard 
and short in fracture. 

An alloy of 10 parts of iron with 60 or 80 of tin is 
recommended for use in tinning copper utensils, in pre- 
ference to pure tin. 

Iron and lead cannot be made to unite with each 
other by fusion. 
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Antimony, when present in very small quantity, from 
0*1 to 0*3 per cent., acts very injuriously upon mal- 
leable iron, rendering it in the highest degree both hot 
and cold short. The so-called martial regulus, containing 
7 parts of antimony to 1 of iron, is recommended for 
producing casts of medallions and other relief im- 
pressions in preference to east iron. 

Nichtl alloys readily with iron without affecting its 
malleability ; this is exemplified in meteoric iron masses, 
which contain a considerable quantity of the former 
metal, and have occasionally been used for the manufac- 
ture of knives by savages. A horse- shoe made from 
the great Australian meteorite was exhibited at Ken- 
sington in 18G2, and is now in the Museum of Prac- 
ti(;al Geology. The mass from which it was taken, weigh- 
ing 3^ tons, has been given to the British Museum, 

Cohalt is said to increase the whiteness and brilliancy 
of iron, but has no marked efieet upon its physical 
properties. Chromiam acts in a similar manner, but 
also communicates hardness and brittleness. Steel 
containing 1*2 per cent, of ehroiiiiiim gives a beautiful 
damask surface when etched by sulphuric acid. 

Silver and iron do not alloy, a separation of the 
two metals being apparent when steel is melted with 
as little as O'O per cent, of silver. It is different, 
however, with gold, which is readily taken up under 
similar conditions. This property was formerly applied 
in the treatment of auriferous sands in Kussia ; the 
concentrated black sand from the first washing, con- 
sisting principally of magnetic iron ore and gold, 
having been smelted with charcoal in small blast fur- 
naces for pig iron, from which the gold was afterwards 
lixtracted by the action of sulphuric acid 
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Faraday and Stodart found that plalinum alloyed 
readily with steel, and produced a very lough and tine- 
grained product when present to the extent of 1 per 
cent. Similar results were obtained with the other 
metals of the same group, palladium, rhodium, and 
osmirldiuni. As, however, these metals arc rare and 
high priced, it is not probable that these alloys could 
be introduced on a practical scale. 

I'mHjfitcn has th(> property of rendering cast steel 
very hard and tenacious. According to ileriiouilli, 
when an intimate mixture of finely divided grey cast 
iron and tungstic acid is heated to a veiy high tem- 
perature, the graphitic carbon is burnt by tbe oxygen 
of tbe tungstic acid, and steel is formed, which alloys 
with the ]’educed tungsten. 'No diminution in the 
amount of carbon was, however, perceived when tho 
experiment was repeated with Spiegoloiscn, or ordinary 
white cast iron, carbon in the combined form being 
apparently unable to effect the reduction of tbe tung- 
stic acid. Siewert examined six sainjdes of so-called 
tungsten steel: four of them contained from 1 to 8 
per ceiit. of tungsten, while none was found in tbe 
other two. 

V(iiU((Hu)ii was found in minute quantities by Sefstrom 
in iron made from the magnetic ore of Tuberg, in 
Sweden, wliicli is nott'd for its yielding a first-rate iron 
for wire-drawing. More recently lliley lias detected 
tbe same substance in j^ig iron made from oolitic brown 
hematite at Wostbury, in Wiltshire. It has also been 
found in different varieties of oolitic iron ores in other 
places, such as the Po/merz, or pisolitic ore, of South- 
Western Germany, and the Cleveland ores. 

The iron made from these ores in the Bemese Jura 



COMPOSITION AND niSTRIBUTION OF IKON ORES. 53 

contains an appreciable quantity of vanadium, and is 
also in rei)ute for wire-drawing, liaviiig been specially 
selected for use in the great wire bridges at Fribourg, 
in Switzerland. 

Titainum may be present in pig iron to the extent of 
about 1 per cent, when a propoilion of titaniferous ore 
is added to the charge. It increases the strength of the 
metal, at the same time giving it a peculiar mottled 
cliaracler, the fractured surface showing a series of dull 
dark grey patches set in a white network. It is doubt- 
ful whether anj^ portion of the titanium is retained in 
the bar iron or steel made from such pig iron, so that 
the improvement attributed to the use of titaniferous 
ore is probably due to some indirect action nither 
than to the actual presence of titanium in the finished 
product. The evidence on this point is not sufficiently 
clear to allow of any positive conclusion being formed. 
Ores containing more than 8 per cent, of titanic acid 
are very refractory, and difficult to smelt. 


CHAPTER ITT. 

roMrosiTiox and dtstkibvtion of iuon oues. 

Among the numerous minerals containing iron, only 
the oxides and carbonates can be used by the smelter. 
They are as follows ; — 

1. Magnetic Iron OrCy ov Mag net it Cy crystallises in the 
cubical system, usually in octahedra or rhombic dode- 
cahedrons, but more generally massive, varying in 
texture in the fracture from coarsclj" crystalline to finely 
granular, or even massive. Colour black, with occa- 
sionally a slight greenish or brown cast. Streak black. 
Magnetic, and sometimes polar. Specific gravity 5 ’2, 
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Composition, FeO + Fe®0^ containing 72*41 per cent, 
of iron. 

2, Franldinite, Cubical, crystallising in octahedra; 
also massive ; very similar in colour and general appear- 
ance to magnetite, but less magnetic, and gives a dark 
reddish-brown streak. Specific gravity, 5*1. Compo- 
sition, 3 (FcO. ZnO. MnO) + (Fc^O". Mn^O'). The 
average of several analyses by Rammelsberg gives — 


Iron 

. 45*16 

Manganese . 

9-.‘38 

Zinc 

. 20-e‘30 

Oxygen 

. 25*16 


100*00 


It is a rare substance, being found only at two or three 
localities in New J erscy, where it occurs in metamorphic 
Silurian limestone as a bed from 20 to 30 feet thick, 
overlaid by from 6 to 8 feet of red zinc ore. Both 
minerals are first treated for zinc, and the residues are 
then smelted for Spicgeleisen. 

3. Hematite. Rhombohedral, crystallising usually in 
highly modified rhombohedral or scalenohedral forms ; 
combines with the terminal plane of the prism ; the 
latter, by its prominence, usually giving a tabular fonn 
to the crystals. Also in fibrous, columnar, botryoidal, 
granular, pisolitic, and compact forms. Colour varies 
from brilliant bluish grey in the crystallised, to a deep 
red in the compact, varieties ; the streak is red in all 
cases. Specific gravity, 5*3 for crystallised, down to 
4*2 in some earthy varieties. Sometimes very slightly 
magnetic. Composition, Fe^O^, with 70 per cent, of 
iron. Special names are given to the different varieties 
as follows : — 
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Specular Iron Ore, OllgiMe, or Iron Glance, include? 
the brilliant, hard, well-crystal lised forms, such 
.those of Elba, Brazil, Vesuvius, &c. 

Micaceous Iron Ore includes all the scaly crystaljiue 
varieties, such as those of South Devon, which are 
loosely coherent, and similar to graphite in structure. 

Kidney Ore, or Rother Glaskopf, includes the hard bo- 
tryoidal forms, such as those of Cumberland, which are 
devoid of metallic lustre. 

Red Oc/fre and Iron Minium are compact earthy 
varieties, often containing clay, which are ground and 
used as colours. 

Ruddier^ s Ore is a peculiar, unctuous, compact form, 
from Cumberland, which is largely used for lining the 
hearths of puddling furnaces. 

The imn,RedIIematite, is commonly used by English 
iron-smelters for all minerals consisting essentially of 
anhydrous peroxide of iron. 

Ilmenitc, or Tifaniferous Iron Ore. Ilhombohcdral, the 
crystals being similar in general appearance to those of 
hematite ; they are, however, rare, the mineral being 
usually found massive. Colour dead black, with a 
browTiish streak ; fracture conchoidal. Specific gravity, 
from 4*5 to 5. Contains proto- and peroxide of iron, 
titanic acid, and magnesia in very variable proportions. 
The following types of composition have been established 
by Bammelsberg : — 

I. FeO. TiO“, containing 52*C3 titanic acid, and 47*37 
protoxide of iron. 

II. FeO. TiO^ + MgO. TiO^ containing 58*82 tita- 
nic acid, 26*47 protoxide of iron, and 14*71 mag- 
nesia. 

III. wFeO. TiO® + wF^^Q^, or^morphous mixture? 
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of titanate of protoxide of iron witli peroxide in inde- 
finite proportions, the observed limits being — 

9 TeO. TiO- + and 
FcO.TiO=+ lo Fo“0«. 

the former containing 47'12 and the latter only 
per cent, of titanic acid. Magnesia appears to be very 
generally present. 

Gothite. This includes all the ciystallised varieties of 
hydrated peroxide of iron. The primaiy form is a 
rhombic prism, but the crystals arc often fibrous or 
scaly. Specific gravity, 4 to 4*4. Colour varies from 
rust-yellow to a rich reddish brown, or more rarely 
nearly black. The surfaces of fibrous aggregates often 
have a peculiar velvety lustre. Streak brown. Com- 
position, + no, or monohydraled sesquioxide of 
iron, with 90*5 j^cr cent, of peroxide, or G3*0 per cent, 
of metallic iron, and 10*5 per cent, of water. Lopido - 
crocite and Slilpnosiderite are particular fibrous and 
scaly varieties of the same mineral. 

Broini Iron Ore, This tcim is used to designate the 
compact and eartliy minerals that consist essentially of 
three equivalents of water united to two of peroxide of 
iron, or 2 Fe^O^ + 3 IIO ; the percentage composition, 
corresponding to the formula, being — peroxide of iron 
85*6 (metallic iron 59*9), and water 14*4. They are 
mostly dull in lustre, varying in colour from light 
umber brown to nearly black. Specific graA’ity, 3*6 to 4, 
Streak yellowish brovui. 

Both hydrates of peroxide of iron are usually included 
in the smelter’s term hroirn hcnmiiir, signifyingminerals 
which, although resembling hematite proper in outward 
appearance, can readily be distinguished by their brown 
streak. In Staffordshire, the term hydrate of iron is some- 
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tim'es used. Bog iron ores, and those deposited in the 
bods of lakes by infusorial action, belong to the same 
class. 

Sideriie, This is iho mineralogical name of carbo- 
nate of protoxide of iron, which crystallises in the rhom- 
bohcdral system. The commonest forms are rhombo- 
hedra ; hexagonal prisms, and scalenohedra, being less 
frequent. In a massive form, it occurs in isolated nodules, 
or occasionally in connected beds. Specific gravity, 
3*7 to 3*9. Lusirc of cr)"stals pearly; colour usually 
some shades of yellowish brown or grey, owing to the 
formation of a superficial coating of hydrated peroxide ; 
the streak is white, representing the true colour of the 
unaltered mineral. Composition, FeO. CO“, with G2*07 
per cent, of protoxide of iron (‘18'22 metallic iron), and 
37*93 per cent, of carbonic acid. A portion of the base 
is, however, almost invariably replaced by protoxide of 
manganese, lime, or magnesia, the former oxide varying 
in quantity from 0 to 59 per cent, in different varieties. 

The purer crj^stalliiic varieties arc called spathic ores 
by the smelter ; while the term e/rq/ hand^ or clay iron- 
sionCy is applied to the amorphous argillaceous ore found 
in the coal nieasures, and black band to that contain- 
ing bituminous or carbonaceous matter. On the Con- 
tinent, nodular clay ironstone is usually called sphero- 
siderito ; but this term more properly belongs to the 
spheroidal crystalline masses of radiating structure, 
occasionally found in basalt and other igneous rocks. 

The septaria, or cement-stone nodules, found in the 
London clay, may be regarded as clay ironstones in 
which the protoxide of iron is in great part replaced 
by lime : such ores as arc too poor to smelt are known 
as lean ironstones. 

d3 
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Association and Distribution of Iron Ores. The defi- 
nitions of iron ores given in the preceding paragraphs 
are mineralogical ; that is, the}'' present the phj'sical 
and chemical characteristics of iron-producing minerals 
when at a maximum of purity. Practically, however, 
no such pure minerals are to be found on the large 
scale, and it therefore becomes necessary to consider the 
manner in which iron ores and other minerals are asso- 
ciated together. The 23rcsence of foreign minerals is 
often as largely concerned in determining whether an 
ore can be worked to profit or otherwise, as its rich- 
ness in iron. Thus, a magnetite or hematite deposit, 
containing 10 per cent, of phosphate of lime or iron 
pyrites, would be almost useless ; while the same amount 
of manganese in a spathic, or of combustible matter in 
an argillaceous carbonate, would considerably enhance 
their respective values. We shall next proceed, there- 
fore, to illustrate these associations by describing some 
of the more typical iron-mining localities, accompany- 
ing the descriptions with analyses of the minerals 
actually raised. 

The geological distribution of iron ores is very un- 
equal; for, although they are found in formations of all 
ages, the maximum development appears to be in the 
older rocks. The largest and richest deposits are con- 
tained in pre-Silurian strata, such as the Laurontian 
and Huronian series of North America, and the old 
gneiss and schists of Scandinavia. Spathic ores are 
characteristically abundant in the Devonian rocks of 
Germany and the south of England, being associated 
in the former locality with red and brown hematites of a 
high class. The carboniferous period is especially 
marked by the presence of interstratified argillaceous 
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carbonates both in Europe and America. The most 
important deposits of red hematite in this country are 
of Permian age, and are contained in hollows of the 
carboniferous limestone of Cumberland and Lancashire. 
In the secondary rocks the chief iron-bearing members 
are the middle lias, or marlstone, great oolite, wealden, 
and lower green sand, yielding brown hematites and 
carbonates which, though of low quality, are of con- 
siderable importance, owing to the ease with which they 
may be mined. In France and Southern Germany large 
quantities of bean ore, an argillaceous brown hematite, 
are raised from pipes and other irregular deposits in the 
oolitic rocks. The tertiary rocks of this country contain 
very little iron ore, the principal deposit being at Ilen- 
gistbury Head, in Dorsetshire ; but on the Continent 
the magnificent masses of Elba and Traversella may, 
perhaps, be of tertiary age. 

Of post-tertiary and recent age are the numerous 
masses of bog iron ore studded over the swamps of 
Northern Germany, and the lake ores which are con- 
stantly forming by infusorial agency at the bottom of 
the lakes of Norway, Sweden, and Finland. 

Magnetic Gres. When massive, these ores usually in- 
dicate an excess of peroxide over that required by the 
formula. They arc chiefly confined to the older crystal- 
line rocks of Scandinavia and North America, and 
appear under two principal conditions: either inter- 
stratified in irregular beds or tabular masses in horn- 
blendic and cnloritic schists and crystalline limestones, 
or irregular ramifying veins and masses in dioritic or 
doleritic rocks. The associated minerals are usually 
chlorite, hornblende, epidote, garnet, idocrase, phos- 
phate of lime, quartz, felspars, iron and copper pyrites, 
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Herrito, hematite, and brown iron ores. Tlie latter 
are found chiefly near the surface, and occasionally 
beautifully crystallised in transverse veins. In the 
Swedish and Norwegian mines the ore is very com- 
monly intersected by small strings of chlorite called 
skdlar. Iron pyrites may be cither disseminated in 
considerable quantity through the ore, which in suen 
cases it generally renders useless, or interspersed in 
small patches in the neighbourhood of veins of intrusive 
rock, such as granite. Sometimes the centre of a mass 
ma}'' be pure magnetite, passing at either side into 
copper and iron pyrites. The texture of massive mag- 
netite appears to vary with the containing rock ; the 
most compact, having sometimes a nearly conchoidal 
fracture, are found in talcose scliist, while the more 
granular and crystalline conditions prevail in horn- 
blendic gneiss 4ind crj’^stalline limestones. 

In the oldest or Laureiitian rocks of Canada mag- 
netite is found abundantly in the gneiss and meta- 
morphic limestones of the basin of the Ottawa. The 
usual form of dojiosit is in irregular beds, which, al- 
though not of any great lateral extent, arc often of 
considerable thickness, in one instance as much as 200 
feet. These ores are usually of a very high quality, 
the associated minerals being chiefly quartz, hornblende, 
chlorite, serpentine, dolomite, and graphite, but have 
hitherto only been raised in inconsiderable quantities. 

The largest deposit of iron ore in Europe is probably 
that of Qellivara, in Swedish Lapland, which is situated 
about ninety miles from the head of the Gulf of Lothnia, 
in lat. 67® N. According to the descriptions of Erd- 
mann and others, it forms a bold hill rising out of 
swampy ground, made up of a great number of parallel 
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intcrlarninations of magnetic and sp(‘onlar iron ores, 
with hornblendic and quurtzosc rocks. Several of these 
beds arc between 100 and 200 feet in thickness, and 
may be traced for distances of COO and 700 yards in a 
N.E. and S. W. direction. Phosphate of lime is present 
in the largest, or 200-feet bed, through about 80 foot 
of its thickness, the remaining 120 feet being of good 
quality. Iron pyrites appears to be almost entirely 
absent. The following analyses of GcUivara ores are 
by Rinman : — 



T. 

II. 

in. 

IV. 

Silica .... 

210 

3 20 

3-10 

5-!).5 

Alumina .... 

0*70 

o-s.i 

0-8o 

1-0.3 

Lime .... 

2-1 0 

0-4o 

2-3.3 

2-40 

^lajrncsia .... 

0-70 

1-30 

0-00 

2 00 

Glucina . , 

— 

— 

0-10 

— 

oxide of iron 

92-10 


OO-O.) 

87-80 

Phosphoric acid . 

1-70 

O-lo 

1*17 

0*09 


99-10 

99-70 

98-82 

90-79 

Metallic iron . . . ^ 

07'o 

67-7 

6o-fi 

63-.3 


Although these ores have been known for a very long 
period, but little use has been made of them, owing to 
the inaccessible character of the counlTy, the only 
feasible method of transport being by sleighs during 
the winter months. 

In the southern part of Sweden the most celebrated 
mines are those of Daimemora, situated on the lake of 
the same name, about thirty-two miles from Upsala. 
The ore, which is spcciall}’’ employed for producing the 
highest class of steel iron, is a very fine-grained mag- 
netite, occurring in an irregular interrupted belt about 
one mile and a half long, in crystalline limestone and 
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petrosilex. The workings on the central part of the 
mass have been extended to a depth of more than 100 
fathoms below the surface. The annual production is, 
however, small, not exceeding 25,000 tons : — 



I. 

II. 

III. 

Peroxide of iron 


58-93 


56*80 

Protoxide of iron 


27'5o 

28*42 


Protoxide of manganosc 


0-10 

— 

0*24 

Lime 


0-38 

traces 

1-80 

Magnesia . 


0*61 

1-44 


Alumina . 


0-29 

— 

— 

Sulphur . 

Carbonic acid . 


004 

0-12 

007 

z 

Water 


Oil 

— 

— 

Silica 


12o4 

7-60 

13*20 

Phosphoric acid 


trace 

— 

— 



100-G7 

99-59 

100-34 

1 Metallic iron . 

• • 

62-6 

65-6 

61*16 


Analysis No. I. of Dannemora ore, by Ward, is of 
a compact black mineral, containing a very small 
trace of iron pyrites. Nos. II. and III., by Noad, 
are of magnetic ores from Roslagen, on the east coast 
of Sweden, north of Stockholm. No. II., from Hocksta 
mine, is coarsely crystalline and very slightly coherent, 
breaking up into sand when subjected to pressure. 
No. III., from Sladdcro Island, is remarkable for its 
regular structure being divided by joints into rhom- 
boidal prisms. These divisions have been mistaken at 
times for cleavages of the regular octahedron, but that 
they are not is evident from their passing througli 
the adjacent gneissic rock, imparting to it a similar 
structure to that noticed in the ore. Iron pyrites, in 
small quantities at least, is not imcommon in the mag- 
netic iron ores of southern Sweden, especially in the 
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noiglibourliood of granitic veins : an instance of this 
is afforded by the Jerna mines, situated in an out- 
break of coarse granite, and yielding an ore which, 
although spotted through with iron pyrites, is valu- 
able as an addition to the purer ores of the more 
northerly districts in the manufacture of strong foundry 
iron. 

Among the most remarkable deposits of magnetic 
iron in the more southern parts of Europe is that of 
Traversella, in Piedmont, situated about twelve and a 
half miles from Ivrea, in the valley of Bcrsella. It occurs 
in talcose schists and dolomites in the form of a largely 
crystalline mass, consisting chiefly of magnetic iron ore, 
but associated with an extraordinary profusion of other 
minerals, such as copper and iron pyrites, garnet, 
chlorite, dolomite, and augite, most of which are beauti- 
fully crystallised. The workings have been carried 
on from time immemorial. About forty miles of galleries 
have been driven, and the mass, whose thickness varies 
from 65 to 100 feet, has been removed, at one point, to 
a depth of more than 200 yards for a distance of about 
a quarter of a mile. The central portion is formed by 
an ellipsoid of extremely pure magnetite, accompanied 
by dolomite, and yielding from 48 to 50 per cent, of 
iron. The sides are more or less charged with copper 
pyrites in sufficient quantity to be profitably separated 
by means of electro-magnetic machines. 

At Berggieshiibel, in Saxony, magnetite occurs under 
somewhat similar associations to those observed at Tra- 
versella. The deposits are parallel beds from a few 
inches to twenty feet in thickness, carrying red and 
brown hematite with sulphate of baryta at the surface, 
passing downward into magnetite, with garnet, horn- 
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blende, and epidote ; and at still greater dcptlis, copper 
ores appear in considerable quantity. 

In the neighbourhood of Arendal, in Norway, a 
series of deposits of magnetite have been worked for 
several centuries. They extend in a nearly straight 
line for about thirteen miles parallel to the coast, and 
tire contained in hornblendic and micaceous schists. 
The ore is mostly pure magnetic oxide without admix- 
ture of hematite, and appears in elongated lenticular 
masses from G to 20 feet, but occasional! as much as 70 
feet in thickness, whose course is, as a rule, parallel to 
the foliation of the containing rocks. 

Tlic Taberg, near Jonkopiiig, on Lake Wettern, is 
an example of the second class of magnetite deposits, 
where the ore is interspersed in comparatively small 
strings and masses through a porphyritic rock com- 
posed of hornblende and felspar (greenstone or diorite) 
It forms an isolated hill 3GG feet in height, and is 
extensively wrought, although the produce is low, con- 
taining on an average only 25 per cent., as the metal 
])roduced is specially adapted for wire-drawing, and luel 
is comparatively cheap in the neighbourhood. 

At Nischne-Tagilsk and Kuschwinsk, in the Urals, 
magnetite occurs under somewhat similar conditions to 
those observed at Taberg, but in a doleritic (labradorite 
and augite) porphyry. At the former locality, a ridge 
of rock, GOO yards long, 600 yards broad, and about 250 
feet high, is in great part made up of pure magnetic 
ore ; while at the laiter it appears to bo interspersed 
through the mass of the augitic porphyry, and towarda 
the summit segregates into a rich workable mass. 

In England magnetic iron ore is comparatively rare 
Near Brent, in South Devon, it is found covering diorito 
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in a crust of about one foot in tbickness, the association 
being similar to that observed in the Urals. At Tres- 
kerby, near Pcniyn, it occurs in a lode about three feet 
in width, with a slight intermixture of tin ore. 

The Cerro Mercado, near Durango, in Mexico, a hill 
about 300 feet high, is in great part composed of massive 
magnetite, which in the transverse fissures separates 
out into octahedral crystals of an inch in diameter. 
The associated minerals arc specular and brown hema- 
lite, quartz, and calcspar. Tlie deposit is contained in 
a felspatliic porphyry, fragments of which arc found 
in the ore. Other large deposits of a similar character, 
on the Pacific side of the country, are supposed by Dana 
to be contemporaneous in origin with those of Canada 
and the Norllicrn iStates of America. 

Red Iron Ores. Tliese arc often associated with the 
hydrated varieties of the peroxide, especially in the 
more earthy deposits contained in secondary and newer 
rocks; but in the harder crystalline masses, charac- 
terising the older formations, such admixtures are less 
frequent, except near the surface, or in cross fractures, 
which often contain got hit e and other crystalline forms 
of brown hematite. The most important deposits of 
these minerals in Europe and America arc contained in 
Huron ian, or Cambrian, Silurian, Devonian, and car- 
boniferous rocks. In Sweden, the specular or micaceous 
variety of hematite occurs, among other places, at Dal- 
karlsberg, near Nora, and in the island of Uto, in both 
places associated with magnetite. Tlie Nora ore is 
made up of parallel stripes of a very brilliant mica- 
ceous hematite and quartz, and resembles in conqio- 
sition the Brazilian rock known as itabirite. 

On the south shore of Lake Superior, near Mar- 
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quette, a schistose variety of hematite, known as specular 
schist or slate irortj is very largely developed in the 
Huronian rocks. The iron region extends w^cstward 
from the lake shore for a distance of about twenty miles, 
with a breadth averaging six miles. The strata, which 
are intensely contorted, arc chiefly chloritic and talcose 
schists, passing upward into a rock composed of parallel 
lamina) of red jasper and hematite, whose total thick- 
ness is stated to be upwards of a thousand feet. Out 
of this amount much is too siliceous, from the great 
prevalence of jasper, to be worth working ; but indi- 
vidual beds of solid hematite, free from earthy matter, 
of 150 feet thickness, arc quarried at the Jackson and 
Superior mines. A noticeable peculiarity in these ores, 
in addition to their intensely (‘ontorted structure, is 
the prevalence of minute crystals of the octahedral 
variety of peroxide of iron, or martite. There are 
numerous cross veins of secondary origin containing 
crystallised brown iron ores, and occasionally disul- 
phide of copper in small quantity. Specular schists of 
a similar character, very finely laminated or contorted, 
have also been obsen^ed on the Canadian shore of Lake 
Superior, as well as in the altered beds of the Quebec 
group, belonging to the Lower Silurian series, but on a 
much smaller scale. 

Two celebrated masses of hematite, known as the 
Iron Mountain and Pilot Knob, are worked near St. 
Louis, in Missouri. The former consists mainly of 
massive or specular ore, while the latter is of a similar 
schistose character to that of the Lake Superior mines. 

In Saxony red iron ores are found in the vicinity of 
Eibenstock and Schwarzenberg, in lodes at the con- 
tact of mica schist, altered Silurian rocks, and granite. 
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TKese lodes, some of wliich are as much as 15 fathoms 
thick, extend longitudinally for nearly twelve miles. 

The Devonian rocks, both of England and Germany, 
contain considerable quantities of red hematite, chiefly 
in association with brown and spathic iron ores. At 
Brixham, in Torbay, a brilliant micaceous variety is 
found in limestone, and is employed, when ground in oil, 
as a paint for covering iron work. A similar substance, 
of a brilliant red colour, is obtained at Audeghem, in 
Belgium, which is sold for the same purpose, under the 
name of ^‘minium de fer,’’ and is recommended for 
use in coating marine boilers in preference to red-lead. 

The largest deposit of iron ore in Cornwall is that 
worked at Restormel, near Lostwithiel, where a lode, 
having an average thickness of from 12 to 16 feet, 
occasionally increasing to 20 feet, has been followed 
for more than a mile. The principal mineral is crys- 
tallised brown hematite or gothite, which occurs in 
fibrous and maminillatcd aggregates, and also in long 
prismatic crj^stals of great beauty. Less frequent are red 
hematite, and hard and soft manganese ores. Crystals 
of carbonate of iron altered to brown hematite are 
occasionally seen in the upper levels. Owing to the pre- 
valence of manganese, these ores are well adapted for 
making steel irons. 

By far the most important hematite mines in this 
country, are those of Ulvorstone, in Lancashire, and 
Whitehaven, in Cumberland, wdiich occur in verj’’ 
irregular deposits in the carboniferous limestone. Near 
Cleator, the ore forms a bed of from 15 to GO feet in 
thickness, apparently iiiterstratified between a shale 
floor and a limestone roof. It is for the most part of a 
dull compact character, but forming kidney-shapc'd 
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crystidlinc aggregates in tLe cavities where crystals 0/ 
quartz and arragonite are also common, together with 
specular iron. In the Ulvcrstone district the oie is 
usually found filling irregular cavities in the limestone. 
In addition to the compact, a greasy micaceous variety 
is largcJy produced, and is used for lining the hearths 
of j^uddling furnaces. In Loth districts brown hema- 
tite appears to be entirely absent; iron pyrites and 
phosphate of lime can bo detected in minute traces 
chemically, but are not ajDparent to the naked eye. 
The following analyses arc sufiicient to show the 
extreme purity of these ores : — 



I. 

II. 

nr. 

Peroxide of iron 


0.3- h; 

01-28 

Protoxide of manganese . 

o-io 

0*21 

0-28 

Alumina .... 

0:17 



o-ol 

Ijirnc .... 

0-71 

0-07 

O-Oo 

Magnesia .... 

OoC) 

— 

— , 

Phosphoric acid 

— 

— 


Pisuljdiide of iron 

000 

1 

003 

Insoluble residue 

8’o4 

5-GS 1 

6-18 


I0l)-20 

lOMO j 

100'82 

Metallic iron . . . | 

6?.-25 

1 

GIVG j 

G3-0G 


Nos. I. and IT. llemalites liom Cleator ^Rloor, 'Whituhaven, “by Dick. 
No. III. „ Lindale, Ulverstone, by Spiller. 


Since the intoduction of the Bessemer process, a large 
additional demand has sprung up for hematite pig 
iron, and these ores are smelted to a great extent in 
the immediate vi(;inity of the mines. In addition to the 
local consumption, a considerable quantity is exported, 
to be used in other iron-making districts, either as a 
mixing ore or in the puddling furnace. 
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The following series of analyses gives the composition 
of the red hematite ores, employed for making Bessemer 
pig iron at Barrow-in-Furness iron works, Ijancashire. 



I. 

11. 

nr. 


Tc roxido of Iron . 

91 MS 

77-21 

83-;!;i 

83*94 

Aliiiiiin.'i .... 

007 

1-71 

0*75 

0*70 

Protoxide of 

0 Of 

0-11 

0-08 

0*28 

Liino 

o*::i 

f)-08 

4-10 

0*^.5 

.... 

tiaro 

on 

O-lo 

0*00 

VVaior ..... 

0*17 

2-h2 

1-97 

2*28 

PlioHplioric jK i'd . • 

O-lJd 

— 

— 

0-03 

Suljdiuric fM-id . • , 

— 

— 

traco 

— 

Ciiihonic acid 

— 

4*10 

2-:>:i 

— 

JSilica 

4-0.5 

7‘0'> 

G-.59 

12-46 


lOj-as 

{y.Ki'Z 

99 50 

100-G3 

Metallic iron . , 

1 1 

G6-12 

ol-07 

6S-33 

o8-7G 


I. Park ore (best rougl)) ; II. Lindal Cote (puddling ) ; 
III. "NA'hitrigg’s (puddling) ; IV. Mouzell mine (best). 
Analyses by Iliehards. 

A remarkable deposit of red hematite has recently 
been opened, and is now in i)roccss of development, at 
Cwm inouiitaiii, in Flintshire, near Frost alyn, and a 
short distance from the famous lead mine of Talargoeh. 
Tlie ore occurs almost entirely as a breccia of angular 
fragments coTuented by crystalline carbonate of lime, 
filling large irregular lodes in the carboniferous lime- 
stone. Brown hematite is also found, but in smaller 
quantity ; some of it being in octahedral crystals pro- 
bably pseudoniorphous after magnetite which is a some- 
what rare occurrence. Unlike the northern hematite 
deposits, quartz is extremely rare. The calcspar is 
highly crystallised, but while preserving its character- 
istic foi m is coloured of a deep brek-red tint by finely 
diffused peroxide of iron. 
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At Wliitcliurcli, near Cardiff, in Glamorgansliiro, an 
oolitic variety of red hematite occurs at the base of the 
carboniferous limestone. It is also found in the same 
geological position in the valley of the Meuse, near 
Huy and Namur, in Belgium ; and on the Cumberland 
river, in Kentucky — a curious fact, showing that 
similar conditions prevailed at the commencement of 
the carboniferous period in areas widely removed from 
each other. 

A remarkable bed of calcareous brown hematite 
occurs in the Chcadle coal-field in North Staffordshire, 
at the base of the coal measures. Although its maximum 
thickness is only 22 inches, it has been extensively used 
for export to South Staffordshire, where it is used as a 
mixture with the more siliceous ores of other districts. 

In the Forest of Dean, and in the neighbourhood of 
Bristol, as well as at Llantrissant, in Glamorganshire, 
irregular masses of brown hematite are met with in the 
carboniferous limestone and the lower coal-measure 
sandstones. At the last of the above-mentioned locali- 
ties the ore is interstratified between the upper part 
of the carboniferous limestone, in which it forms an 
irregular bed, filling holes and depressions, and a 
black shale roof, supposed to be a portion of the coal 
measures, which is filled with nodules of argillaceous 
carbonate of iron. The Forest of Dean ore is a stalac- 
titic brown hematite, locally known as brush ore, the 
more earthy varieties being distinguished by the term 
smith ore. The following analyses give the composition 
of the ores of this district : — 
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Brown Hematites from Carroniferous Booes. 



n 

II. 

nr. 

IV. 

Peroxide of iron . 

90 05 

89-70 

50-0.") 

.52-83 

Piotoxido of uiangaiicfie 

0*08 

004 

0-09 

O-Sl 

Lime 

0*06 

0-49 

0-2.5 

14-61 

Alumina .... 

— 

0-03 

— 

— 

Miigiicsia .... 

0*20 

0-40 

0-28 

5-70 

Carbonic acid 

— 

— 

— 

18-14 

Phosphoric acid . 

0*09 

013 

006 

0*32 

Suli)buric acid or p}TitiiS 

— 

— 

•0 09 

0*28 

Silica 

— 

— 

34-40 

— 

Water 

9-22 

7-05 

6-38 

4 7.5 

Organic matter 

— 

— 

— 

1-30 

Insoluble residue . 

1*07 

2-57 

1 



0-(i4 

Metallic iron 

100-77 

03-04 

101-07 1 

02-86 
i 

100-60 

41*34 

98-78 

36-98 


No I. Jilack brush ore, from Forest of Dean, by Dick. 

,, Jj. Smith ore „ „ „ 

„ 111. Llantriasant ore, Glamorganshire, by Riley. 

„ IV". Calcareous hematite, “hydiate of iron,'* from Froghall, by Dick. 

The brown hematite of Ashton Court, near Bristol, 
is remarkable for occasionally containing fragments of 
sulphate of baryta, interspersed like felspar crystals in 
a porphyry. 

On the west side of the island of Elba, specular 
iron ore has been worked for a period of 2,500 years. 
The deposits are contained in metamorphic rocks, 
whose age is not precisely determined, being variously 
stated as belonging to the carboniferous, cretaceous, 
or tertiary periods. At liio Marina, hematite partly 
specular and partly massive, rests upon talcose schist, and 
is covered by crystalline limestone, but the work has 
recently been confined to turning over rubbish heaps 
left by the old miners, which are piled up to a height 
of 500 feet above the ground level. At llio All ane 
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ar-(i Terra Nera the mineral appears in lodes traversing 
taleose schist, which send off numerous strings, en- 
closing fragments of the rock, and afterwards overlie 
it, forming beds of from 30 to 100 feet in thickness. 
At Cape Culamita a similar ramifying lode is seen in a 
limestone cliff which rises precipitously from the sea. 
It contains magnetite below, passing upwards into a 
mixture of specular iron and lievrite. 

A schistose variety of hematite, somewhat similar in 
character to that of Lake Superior, is found in the 
Devonian limestones of Nassau. At the mine of Gottes- 
gabc several beds of from 1 1 to 4 feet in thickness, 
making up a total of from 30 to 40 feet, arc inter- 
calated in schistose calcareous greenstones and beds of 
€isenkic6cl — a concretionary rock, made up of red and 
brown iron ore and fragments of bright red jasper. 
In the same formation irregular pockets of brown and 
red ores, associated with pyrolusite and otlier manga- 
nese ores, arc found in the hollows of the limestone 
beneath the gravels and brick earth forming the sur- 
face soil. Occasionally these ores are entirely replaced 
by 2 :)lK)sj)liate of lime in similar irregular masses. 

Tiiamferous Iron Sands , — In nearly all crystalliiio 
rocks, hematite or magnetite, usually titaniferous, is 
very comnionly found, disseminated through the 
mass in the form of fine grains or crystals. AVlien 
such rocks are subjected to disintegration, the ferru- 
ginous minerals are set free and give rise to the sub- 
stance known as black-sandy which, from its high specific 
gravity, is easily sejiarated by the action of water frem 
the lighter minerals — quartz, fels 2 )ar, &c., accomj)anying 
it. One of the most familiar instances is afforded by 
the process of alluvial gold- washing, where the first 
operation consists in concentrating the gold in a small 
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volume of black sand, which is afterwards removed 
either by a magnet, or more generally by careful wash- 
ing in a pan or bat^. Along the sea-shore, especially 
in countries where granites or other crystalline rocks 
occur, streaks of black sand, washed out by the action of 
the waves from the associated siliceous minerals, are very 
commonly found upon gently sloping portions of the 
beach ; and in some instances the quantity is so large 
that it may be utilized as an iron ore. Among these 
localities may be mentioned the shore of the Bay of 
Naples, Taranaki in New Zealand, and more particu- 
larly the whole of the north-cast coast of British 
America ; the more important deposits being situated 
along the north shore of the St. Lawrence, from the 
Moisie River eastward. These sands are derived from 
the waste of the Norite, or Labradorite rock, which 
forms a great part of the Upper Laurentian, or Labra- 
dor series of the Canadian geologists, consisting of a 
mixture of Labrador fclsf)ar, hypersthene, magnetite, 
and titaniferous iron ore. Sometimes the latter mineral 
is found in good-sized blocks, as, for instance, at Min- 
gan, being obviously derived from a mass of ore. At 
Moisie, where these sands form the beach, they are ex- 
posed to the action of the waves which effect a process of 
concentration so that after a prevalence of certain winds 
great belts of nearly pure black sand are exposed along 
the shore. When visited in 1808 by Dr. Sterry Hunt, 
trenches were being sunk to a depth of 5 feet on the 
shelving beach about half way between high and low 
water marks. The sections presented alternations of 
nearly pure siliceous sand and of black iron-sand, the 
latter in layers of from half an inch to 6 inches in 
.thickness, often with a small admixture of grains 
of red garnet. The thicker layers of moist black sand 
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were easily removed by shovels from tlio more sillceoiifli 
part, and amounted by measure to about one and a hall’ 
or two feet of the total thickness of five feet excavated. 
The ore was subjected to a further separation by dressing 
on a shaking - table, about 20 feet long and 4 feet 
wide, with a somewhat concave surface, upon which, by 
the aid of a gentle current of water, a further portion 
of the lighter grains, consisting chiefly of quartz, was 
washed away, so that the ore as prepared for smelting 
contained but Oi per cent of insoluble siliceous nnitter. 

When freed entirely from the associated earthy 
minerals, the black iron sands may be divided into a 
magnetic and a iion-magnctic portion ; the former 
being nearly pure magnetite, while the ‘latter is chiefly 
titaniferous iron ore. The following analyses, by St erry 
Hunt, give t he com])osition of the dressed sand smelted 
at ]\[oisie iron- works. 



1. 

II. 

III. 

I’rotoxide of iron 

S.V79 

5G-38 

70-10 

'l itaiiic acid .... 


2S-9.5 

lG-00 

ri'oloxide of m.*mq:aHcse . 

()-]0 

I'lO 



Jiinie 

OMU) 

0’9."> 



Insoluble residue 


8*75 


Tutiil .... 

j 93- 19 


92-02 

If estiinated as inagn<'tic oxide 

92-OH 

— 



ITetallic iron .... 

GG-73 

43*S;> 

50-23 


I. Magnetic portion of dressed ore ; 11. Non-mag- 
netic portion ; III. Unwashed black sand : as a whole, 
it corresponds in composition to about equal parts of 
I. and II. In tlieso analyses the iron is expressed as 
protoxide, though a 2 )ortion of it occurs in a higher 
state of oxidation, as it is difficult to determine exactly 
the proportion of the two oxides in the presence of 
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t -tan ic acid. At: Miiigan, Natasqnan, and several other 
points alon^ the Labrador coast, iron sands occur under 
generally similar conditions to those described by Dr. 
Sterry Hunt. The siliceous portion which remains after 
tlie removal of the heavier metallic grains, is found, when 
examined under the microscope, to contain in addition to 
qujirtzand garnet, cleaved fragments of felspars, which 
often include well-formed octaliedra of magnetite. 

The production of cast iron fi*om magnetic sand is 
attended with considerable difficult}’', as the fine state 
of division of the ore renders it unfit for treatment in 
the blast furnace. Various processes have been sug- 
gested for overcoming this defect, the principle most 
generally in favour being that of agglomerating the 
sand wdthclay and other earthy matter, so as to form it 
into lumps, which can then be used in the blast furnace 
ill the same way as ordinary ores. None of these pro- 
cesses have, however, been sufficiently successful to 
require further notice, and it is only within the hist few 
years that the black sand of the Labrador has been 
treated to advantage, by converting it into wrought iron 
directly in the open fire or blooniury furnace, a notice 
of which will bo found at the end of Chapter XI T. 

Brown Iron Ores of the Secondary Fonmitloju, In the 
lias, oolitic, and lower greensand formations, biiv.wii 
hematites, mostly of an impure and sandy clnractor, 
are found almost continuously from the northern parts 
of AV’^iltshire to the wolds of Yorkshire, passing through 
Oxfordshire, Northamptonshire, and Lincolnshire, 
usually appearing as a dark, ochreous, brown, oolitic 
rock, occasionally having a gn^enish cast on a freshly- 
fractured surface. The most important bed is that occur- 
ring in the lower part of great oolite, from the neigh- 
bourhood of Banbury through Northamptonshire. 

E 2 
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Although of low quality, the ease with which they may 
be quarried has caused these ores to be largely wrought 
for export to Staffordshire and South Wales, besides 
being smelted in furnaces erected on the spot. In some 
places, the ^KTorthamptoiishire ore appears to be the 
result of an alteration of an argillaceous carbonate of a 
similar character to that worked in the North Riding of 
Yorkshire, under the name of the Cleveland Ironstone. 
At Westbury, in Wiltshire, the same ore is found in 
the coral rag ; and at Seend, near Devizes ; and Liii- 
slade, in Buckinghamshire, in the lower greensand. 
In the last-mentioned locality there is no continuous 
bed, but large nodular masses of brown ochreous limon- 
ite are found scattered through about 50 or CO feet of 
brown sand. The nodules are often hollow, and filled 
with loose white sand. 

Anai.yses of Brown Iron Ores from the Secondary 
Formations. 



I. 

II. 

III. 

IV. 

Peroxide of iron 

44 -67 

64-61 

67-8 


52-86 

Protoxide of iron . 

0'8G 

— 

— 


— 

Alumina 

9-10 

3-85 

8-5 


7-39 

Protoxide of man- 






gancse 

0-44 

— 

0-7 


0-51 

Lime 

9*29 

0-64 

2-8 


7-46 

Magnesia 

0-6(> 

0-20 

0-8 


0-68 

Phosphoric acid . 

0-55 

0 64 

2-3 


1-26 

Carbonic acid 

6-11 

— 

0-1 j 

Vanadic 

acid 

4-92 

Silica . 

12-34 

18-02 

7-9 

13-16 

Sulphur . 

trace 

— 

0-1 

J Arsenic 
( acid 

0-03 

Water . 

16-31 

11-85 

10-3 


11-37 


o 

o 

cib 

CO 

99-81 

101-3 


99-64 

Metallic iron . 

31-94 

_ 

46-22 

I _ 

47-6 


37-00 
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No. L From the middle lias (marlstouc), Fawler, near Blenheim, by 
Dick. 

„ 11. Lower greensand ore, Seend, 'Wiltshire, hy Riley. 

„ III. Oolitic ore (bohnerz), Wliite Jura, Kandern, Bayaria, hy A. 
Muller. 

„ IV. From the Northampton sands, in the great oolite, Welling- 
borough, by Spiller. 

In France rod and brown hematite occur in oolitic 
and liassic rocks, under somewhat similar conditions to 
those observed in this country, the most important 
deposit being that of La Voulte, in the Ardeche, where 
three beds of a compact earthy red hematite, varying 
3 J to 16 feet in thickness, arc intorstratified in marls 
which are variously stated as belonging to the lias or 
the Oxford clay. Oolitic varieties of the same minerals 
are found in all three divisions of the series ; but, as a 
rule, they are more argillaceous than the English ores 
of the same age. 

In Bavaria and "Wirtemberg, the lower members of 
the oolitic group or brown Jura formation contain 
similar ores, on the north-west side of the Swabian Alps, 
the maximum thickness observed being 18} feet in the 
neighbourhood of Aaleii and Wasscralfingen. Another 
large development in the same formation in the Grand 
Duchy of Luxembourg extends into the French por- 
tion of the Moselle valley, and forms one of the most 
important and productive iron districts on the continent 
of Europe. 

Besides the stratified ores above noticed, the South 
German oolites often contain irregular masses of loose 
concretionary browm hematite, known as bean ore 
(bohnerz), filling cracks or funnels in the eroded 
surfaces of limestones. These concretions vary from the 
size of a small pea up to that of a walnut, the larger 
being less perfectly spherical than the smaller ones. 
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The cementing material is a ferruginous sand or clay, 
wkicli is sometimes sufficiently compact to form a kin 1 
of breccia; but, as a rule, it is unconsolidated, and may 
be removed from the ore by washing, wliich, wlien pre- 
pared for smelting, contains about 3G per cent, of iron. 

Sandy brown iron ores, forming superficial deposits, 
are worked at many places in the Wealden rocks of the 
Boulogne district, ibr the su23ply of a large range of 
furna(?es at Marquise, between Boulogne find Calais. 

Bog Iron Ore — Limonife, Although not found in 
this country in sufficient quantity to be worth working, 
these ores are abundantly developed in Europe, 
especially on the great jilain of North GeiTnany, which 
extends from the borders of Holland to the head of the 
Baltic. They are of very variable composition and 
quality, and, in addition to the hydrated peroxide, often 
contain protoxide of iron in combination with humic 
and other organic acids, and silica. According to 
Ehrenberg the formation of bog ores is in part duo to 
infusoria (diatomacese), which have the power of 
separating iron from water, and depositing it as 
hydrated peroxide in their siliceous coverings. 

In Sweden, Norway, and Finland large quantities of 
a variety of limonite, known as lake ore {sjomahner), 
are obtained by dredging from the bottom of the 
numerous lakes studding the surfaces of these countries. 
It occurs in granular concretionary forms, varying in 
size from that of grains of coarse gunpowder up to 
cakes of 6 inches in diameter. The work of collecting 
these ores is confined to the winter months, the raising 
being effected by a perforated iron shovel fixed to the 
end of a long pole, which is lowered through a hole about 
three feet in diameter made for the purpose in the ice. 
The ore, which occurs in layers varying from 8 to 
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30 inches in lliicknoss, from 10 to 200 yards in length, 
and from 5 to lo yards in breadth, is continually 
forming ; and localities that have been exhausted have 
been known to present fresh workable deposits of 
several inches in thickness after a lapse of twenty-six 
years. The formation of these ores is said to be mainly 
due to infusorial agency, the iron being derived cither 
from the oxidation of iron pyrites or silicates of pro- 
toxide of iron, such as hornblende, pyroxene, &c., in 
the adjacent rocks. Probably the bean ores of the 
German oolitic rocks, which are very similar in struc- 
ture and composition, may have been formed in like 
manner. I>og and lake ores vary very much in com- 
position and quality : usually, however, they contain a 
marked quantity of phosphorus, and are best adapted 
for foundry purposes. A variety of grey pig iron, 
made from bog ore at Batiscan, Three Rivers, Canada, 
is largely employed for making railway wheels, on 
account of the facility with which it chills when cast 
in metal moulds. 


Analyses of Bog and Lake Ores. 



I. 

II. 

in. 

IV. 

Peroxide of iron . 

62-59 

66-28 

07-59 

77-00 

Prot('xido of iron 

— 

2-70 

— 

— 

Oxide of niunganege . 

8*52 

— 

1-45 

0-30 

Silica 

— 

— 

7-81 

5-40 

Sand 

11-37 

13-50 

— , 

— 

Aliiiuina .... 

— 

— 

4-18 

— 

liiine 





0-47 



lyiappieKia .... 

— 

— 

0-23 

— 

Phosphoi-ic acid . 

1-50 

1-27 

0-18 

1-81 

Sulphuric acid 

trace 

— 

— 

— 

JfuiiiuH (apocrenic acid) 

— 1 

9-00 

— 

— 

Water and organic matter . 

1002 

7-50 

17-81 

17*25 


100-00 

100-25 

99-72 j 

i 102-36 

Metallic iron 

43-82 

48-50 

47-32 j 

54-32 
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Kos. I., II. Bog ores from the neighbourhood of Lingen, Hanorcr, 
by Son ft. 

„ HI. Lake ore from Flatcn, Wermland, Sweden, by Svanberg. 

„ IV. Bog ore from Three Rivers, Canada. The excess in the 
analyses is duo to part of the iron existing as protoxide. 
By Sterry Hunt. 

Spathic Carbonate of Iron. This ore, though of less 
frequent occurrence than the various forms of peroxide, 
appears in a few localities in Central Europe in masses 
which, for extent and value, may be fairly paralleled 
with the iron mountains ” of Scandinavia and North 
America. The principal English deposits are those of 
Weardale, in Durham, where it occurs in lodes in the 
carboniferous limestone associated with lead and zinc 
ores, Perran in Cornwall, Exmoor in North Devon, 
and Brendon Hill in Somerset. Between the two 
last-mentioned localities the ore forms a chain of lodes 
in the middle Devonian rocks, said to be about five 
miles long, with a maximum thickness of 27 feet. 
Latterly they have been worked to a considerable 
extent for export to South Wales, where they are suc- 
cessfully employed in the production of spiegeleisen. 
In all cases the higher part of the lode is changed into 
brown hematite to a considerable depth by the action 
of atmospheric air and water. 

In the Devonian rocks of the Bhine, large quantities 
of spathic ores are found in the district of Siegen, the 
most important deposit being that called the Stahlberg, 
or steel mountain, near Miisen, where a nearly vertical 
wedge-shaped lode in clay slate has been worked since 
A.D. 1313. The greatest thickness of this mass is 
about 65 feet, the horizontal extension about 160 yards, 
and the height or depth, which has been proved by 
twelve working levels driven into the hill, 260 yards. 
The annual production is about 30,000 tons. In the 
adjoining mine, called Schwabengrube, the same lode 
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splits up into numerous smaller ores, and carries 
cobalt, copper, and lead ores. 

In the Eastern Alps spathic iron ores are largely 
developed in metamorphic rocks, chiefly micaceous and 
talcose’ schists, and crystalline limestones of Devonian 
or perhaps Silurian age. Near Eisenerz, in Styria, the 
celebrated ‘‘ Erzbcrg,’’ or ore mountain, which rises to 
height of about 2,500 feet, apparently consists of a 
solid mass of carbonate of iron, but is in reality only 
covered by a capping or arch of the mineral, which 
varies in total thickness from 200 to 600 feet, including 
a few interstratified schistose partings. The deposit 
lays upon, and apparently passes on either side into, 
limestone, and is covered by a breccia of limestone 
fragments and clay slate. The best ore, which is hard 
crystalline, and of a brownish-yellow colour, known 
locally as “pflinz,’’ occurs in the lower beds. The 
associated minerals are iron and copper pyrites, quartz, 
carbonate of lime, and more rarely cinnabar. The 
annual production is about 110,000 tons, more than 
50,000,000 tons being laid open in the workings. 

Of a similar character, but smaller in extent, are 
the deposits of spathic ores in Carinthia. These are 
situated at Hiittenberg and Lolling, north-east of 
Klagenfurth, and include a scries of lenticular beds in 
crystalline limestone, the largest being nearly 200 feet 
thick, containing, in addition, small quantities of hea^y- 
spar, mica, chalcedony, and occasionally arsenical 
pyrites and scorodite. 

In the Permian rocks of Thuringia a largo 
irregular mass of spathic ores has been worked in the 
Mommel and Stahlberg mines, near Schmalkalden, for 
• more than 700 years. It is of very variable form, being 
much disturbed by intruded granitic and porphyritic 
veins, but is in places nearly vertical, with a breadth of 
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500 feet, and has been followed to a depth of 300 feet. 
The known length is about a mile. 


Analyses of Spathic Iron Ores. 



I. 

If. 

III. 

IV.- 

V. 

Protoxide of iron 

49*47 

43*84 

53*42 

55*64 

47*90 

Protoxide of manganese . 

2-42 

1204 

3*08 

2*80 

9*50 

Peroxide of iron 

— 

0*81 

— 

— 

— ^ 

Limo .... 

3*47 

0*28 

— 

0*92 

— 

IVfagnesia .... 

31o 

3*63 

6*00 

1-77 

31 2 

Cai bonic acid . 

37*71 

3S-8G 

38*10 

38*35 

39*19 

Phosphoric acid 

trace 

— 

— 

— 

— 

Silica . . . . 

4*93 

— 

0*06 

— 

— 

Bisulphide of iron . 

0*08 

— 

— 

— 

— 


101*23 

100*00 

99*()() 

99*48 

99*77 

Metallic iron . 

38*56 

34*05 

41-51 

43*20 

37*31 

„ manganese 

1*8G 

9*73 

2*37 

; 2*16 

7*31 


No. I. from Woardale, Durham, contains traces of load and copper. 
Dick. 

„ TI. „ Brendon Hill, Somersetshire; streaked with red he- 
matite. Spiller. 

„ III., IV. „ Eisenerz, Styria. Ilaidingor. 

„ V. „ Stahlberg, Miisen. Fresenius. 

Argillaceous Carbonate of Iron, This is by far the most 
important of Ilritish iron ores, furnishing nearly two- 
thirds of the total annual iron produce of the United 
Kingdom. It is found either in irregular nodules, inter- 
spersed through the clays or shales of the coal measures, 
and in a much less degree in some of the argillaceous 
members of the secondary and tertiary rocks, or in 
beds of several feet in thickness, and continuous over 
considerable areas ; in the secondary formations, more 
especially in the lias. The former, or nodular variety, 
consists essentially of masses of carbonate of iron of a 
compact or earthy fracture, which, in addition to varia- 
ble proportions of carbonates of the isomorphous bases, 
lime, magnesia, and manganese, always contain a notable 
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quantity of clay. The nodules occasionally coalesce 
into beds^ which arc, liowever, usually restricted both 
in thickness and extent. The irregular forms are often 
concretionary, and contain fragments of fossils, such as 
fish, small crustaceans, freshwater shells, or the remains 
of plants. It is very common to find the nodules 
divided by small fissures, analogous to those produced 
4ijt.the contraction of clay in drying, which are filled 
up with other minerals, forming miniature lodes ; the 
most general associates being iron and copper pyrites, 
galena, blende, carbonate of lime, quartz, and the rare 
substances, Millerite, or sulphide of nickel, and Hatchet- 
tine, or mineral tallow, the two latter minerals being 
found together in the clay ironstone of Dowlais, near 
Merthyr Tydvil, in Glamorganshire. AVhen freshly 
broken the nodules are usually of a light grey, yellow, 
or bluish tint, but become brown on exposure by the 
superficial peroxidation of the iron. Phosphoric acid 
is almost invariably present, ranging in amount from 
0’05 to rather more than 1 per cent. 

The coal-fields most abundantly supplied with these 
ores are those of South AValcs, North and South 
Staffordshire, Shropshire, Yorkshire, and Derbyshire, 
Scotland, and Denbighshire ; while, on the other hand, 
scarcely any arc found in the great Northumberland 
and Durham basin, or that of Lancashire. They are 
often worked in conjunction wdth coal seams in the 
same pits cither simultaneously or at different times. 

The yield of ironstone measures per acre varies con- 
.sidcrably, on account of the great irregularity in the 
distribution and thickness of the nodules. Thus, in 
the liamsley district, the Tankersley Mine, a bed of 
shale 6 feet thick, with from 12 to 15 inches of iron- 
stone, yields about 2,000 tons to the acre ; the Parkgate 



84 


METALLURGY OP IRON. 


Old Black Mine, 11 inches thick, 1,500 tons ; while the 
Clay Wood Mine, only inches thick, produces from 
1,600 to 1,600 tons. In Derbyshire the Black Shale 
rake of Chesterfield is the most productive measure, 
yielding from 4,000 to 7,000 tons per acre : it consists 
of twenty bands of nodules, varying from | to 2| inches 
thickness, or 28 inches in all, interspersed through a 
total thickness of about 36 feet of shale. 


Analyses op Clay Ironstones. 



I. 

II. 

in. 

IV. 

V. 

Protoxide of iron 

Peroxide of iron 

Protoxide of manganese . 

AhiTniTift. .... 

Lime .... 

Magnesia .... 
Carbonic acid . 

Phosphoric acid 

Bisulphide of iron . 

Water .... 
Organic matter 

Insoluble residue 

3614 

0*61 

1- 38 

0- 52 

2- 70 
2-06 

26-57 

0*34 

0-10 

1- 77 

2- 40 
25-27 

47*87 

1-12 

0*43 

1*00 

1*27 

30*96 

0*07 

0*25 

1*18 

0*41 

15*95 

39*55 

2*71 

1*50 

1*14 

3*32 

2*85 

28*63 

1*12 

0*05 

1*75 

1*14 

15*80 

44*33 

1*06 

1*00 

0*92 

2*86 

1*97 

30*92 

0*70 

0-07 

1*30 

0*48 

14*35 

44*29 

1*13 

0*45 

3*06 

3*73 

32*48 

0*42 

1*46 

0*35 

13*01 




99*96 


Metallic iron . 

29*12 j 



35*61 

34*72 


Ko. I. Iiow Moot Black Bed, near Bradford. iDsoluble residue, 
chiefly clay. Spiller. 

„ II. Fireclay halls, Dudley, South Staflbrdshire. Dick. 

„ III. Dale Moor Bake, Stanton, Derbyshire, contains tracos of zinc 
and copper. Spiller. 

„ IV. White Flats ironstone, Shropshire. Spiller. 

„ V. Lumpy Vein Mine, Dowlais, South Wales, contains, in 
addition, 0*14: of potash. Riley. 

Blachhand Ironstone. This term is applied to clay 
ironstones containing carbonaceous matter. These are 
usually of a dark brown or black colour, and often of a 
shaly structure, resembling cannel coal. They are 
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vory valuable ores, from the ease and cheapness with 
V’liich they may he calcined by burning in heaps with- 
out any additional fuel, the residue yielding from 50 
to 70 per cent, of iron. Blackband was discovered in 
Lanarkshire by Mushet in the year 1801, and has 
since been worked to a very great extent, but the 
supply is now falling off. In the Western coal-field 
Scotland seven principal blackband measures are 
known, having the following average thicknesses : — 

Palace Craig blackband . . .12 inches. 

Airdrie ,, . . 

Bellsidc ,, . . 

Kiltongue ,, . . 

Caldcrbank or Kennelbum blackband 
Upper slaty „ 

Lower slaty „ 

The above thicknesses are subject to considerable 
variation, and the same bed is rarely continuous over 
any very large area without change of composition. 
Thus the Airdrie blackband is found in workable 
quantity within an area of only ten square miles, but 
its equivalent in the form of a thin coal covers from 
fifty to sixty square miles. The slaty band, in like 
manner, is represented in Linlithgowshire by the cele- 
brated Boghead cannel coal. 

The yield of blackband ironstones is at the rate of 
2,000 tons calcined ore, equal to 1,000 tons of pig 
iron, per acre for each foot of thickness. In North 
Staffordshire blackband occurs in beds from 4 to 9 
feet in thickness, and is largely exported in the cal- 
cined form for use in the South Staffordshire furnaces. 
In South Wales it is found in numerous small irregular 
beds, more especially in the western part of the coal- 
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field. More recently similar ores have been discovered 
in the Rhenish and Westphalian coal-fields. 

In South Wales, a carbonaceous spathic ore occasion- 
ally accompanying the coaj is known as coal hrass^ a 
term which is also applied to the nodules of iron 
pyrites found under similar circumstances. It difiers 
from blackband in containing considerable quantities 
of carbonates of lime and magnesia. 

Analyses op Blackband Ironstones. 



I. 

II. 


IV. 

Protoxide of iron 

46*53 

50*73 

43*37 

37*07 

Peroxide of iron . 

— 

0*45 

4*10 

— 

Protoxide of manganese 

2*54 

1*80 

1*50 

0*23 

Alumina .... 

0*97 

0*26 

6*05 

— 

Lime ..... 

211 

2*52 

3*00 

6*61 

Magnesia .... 

1*39 

1*20 

0*25 

7*40 

Carbonic acid 

30-77 

33*80 

30*50 

36*14 

Phosphoric acid . 

0*69 

0*73 

trace 

0*23 

Bisulphide of iron 

0*38 

0*38 

1*50 

trace 

Water 

1'47 

— 

0*58 

— 

Organic matter . 

10*46 

0*41 

0*25 

9*80 

Insoluble residue . 

2*27 

0*72 

2*80 

2*70 


99*88 

99*21 

99*96 

100*18 

Metallic iron 

30*39 

39*84 

36*49 

28*83 


No. I. Red shag ironstone, Shelton, North Staffordshire. Dick. 

„ II. Red Mine, Apcdale, North Staffordshire. Dick. 

„ III. Blackband, Abercarne, Monmouthshire. Rogers. 

„ IV. Coal brass, South W ales. I*rice and Nicholson. 

Cleveh^id Ironsionc, It has already been stated at 
p. 67, that the middle lias or inailstone rock bed near 
Chipping Norton and Woodstock, in Oxfordshire, 
assumes the form of an oolitic brown hematite, being 
apparently the result of atmospheric action upon an 
impure variety of protocarbonate of iron. In the 
North Riding of Yorkshire the same bed contains an 
ironstone, but on a larger scale than prevails further 






COMPOSITION AND I^STRIBUTION OF IRON ORES. 87 


westward. Where it is best developed, the stone has a 
total thickness of about 20 feet, made up of various 
• interstratihed bands of ore, shale, and iron pyrites, out 
of which two principal members are distinguished as the 
Pecten and Avicula seams, from the respective prevalence 
in them of fossil shells belonging to these genera. The 
greatest workable thickness of the bed is from 12 to 
'i?^eet ; the average yield is estimated at about 20,000 
tons per acre. The usual colour of the ore is a dull 
bluish green, from the prevalence of a silicate of 
I)rotoxide of iron ; in structure it is oolitic, with nume- 
rous interspersed fossils. At Kosodale Abbey, a dark 
blue or black variety is found, which, althoxigh oolitic, 
is both magnetic and polar, and appears in many 
respects to be similar in character to the mineral known 
as ChamomtCy worked at Chamoisin; in the Yalais. 


Analyses op Cleveland Iron Ores. 




I- 

IT. 

III. 

IV. 

Protoxide of iron . 
Peroxide of iron , 
Ih'otoxide of manganese 
Alumina 

Lime .... 
Magnesia 

Silica .... 
Carbonic acid 
l*ho8phoric acid . 
Bisulphide of iron 

Water .... 
Insolnble residue . 


3317 

0*o0 

302 

11-90 

4’o2 

28-00 

0-48 

3-05 

1 13-22 

43-35 

1-20 

9-88 

0-58 

5-35 

7*65 

22-96 

3-87 

0-09 

5-07 

33-85 

32-67 

0- 69 

3- 15 
2-86 

1- 59 
6-95 

10-36 

1-11 

0-03 

4- 60 

39-92 

3-60 

0- 95 
7-86 
7-44 
3-82 
7-12 

22-85 

1- 86 

0- ll 
2-97 

1- 64 



99-36 

100-00 

98-16 

100-14 

Metallic iron 

• 

25-80 

34-54 

49-17 

33-65 I 


No. I. Avicula, or lower bed, Grosiin)nt, Yorlcshire. Tookey. 

„ IT. Main seam, Eston Nab, Crowder. 

„ III. Magnetic ore of Rosedale Abbey. Pattinson. 

„ IV. Cleveland ore ; locality not stated. Sum incdiidcs 0-27 potash. 

The silica exists mostly in the soluble form. The lesiduo 
contains visible crysttils of titanic aciil (aiiatase). Dick. 
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For the following systematic account of the locali- 
ties where iron ores are worked in the secondary for- 
mations in England, I am indebted to my friend Mr, 
J. W. Judd, of the Geological Survey, who has paid 
particular attention to the geology of these deposits. 

I. Midland Counties. A. Marhtone rock bed. 
This, the highest portion of the middle lias series, is 
usually ferruginous, and in certain localities forins a 
good ironstone. It is a bed which at times attains a 
thickness of more than twenty feet. The ore resembles, 
in many respects, that from the Northampton sand, 
but is calcareous rather than siliceous. 

The localities where it has been worked are as fol- 
lows : — 

1. Adderbury in Oxfordshire, between Banbury and 
Deddington: these works yielded, in 1869, 10,167 
tons ; and a few months since they were still in active 
operation, and in process of extension. 

2. Steeple Ashton, Oxfordshire. Here the North- 
ampton sand was raised at the surface, and the marl- 
stone rock- bed at a depth of 30 feet, both being sent 
away as iron ore. 

3. Fawler, near Stonesfield, Oxfordshire. The rock- 
bed was worked for several years, but lately, the work- 
ings have been stopped, owing to the great depth of 
bearing or cover that has to be stripped to get at the 
ore. 

B. Northampton Sand. The beds worked in this 
formation belong to the lowest portion of the Inferior 
Oolite (zone of Ammonites murchisonice)^ and are the 
equivalent of the Dogger of Yorkshire. The ferrugi- 
nous beds usually form the base of the formation, and 
rest directly on the Upper Lias clay. The good ore 
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seldom exceeds from 8 to 10 feet in thickness. It is a 
siliceous brown hematite, usually of poor quality, but 
useful on account of the low price at which it can br 
raised, as a mixture for the more expensive clay-band 
ironstones of the coal measures. 

The Northampton sand is dug for iron ore at Blis- 
worth, Duston, Wellingborough, Irthlingborough, 
C'l^lfenhoc, Glendon, Finedon, Gay ton, Brixworth, 
Woodford, Islip, Slipton, Desborough, and Stow, in 
Northamptonshire ; Steeple Ashton and Ileyford, in 
Oxfordshire ; and Neville Holt, in Leicestershire. The 
annual yield of the different workings cannot be less 
than 700,000 tons. The greater part of the ore is sent 
away to South Wales, Derbyshire, and South Stafford- 
shire, but a large amount is also smelted on the spot at 
Wellingborough, Irthlingborough, Glendon, and Hey- 
ford. 

Cinder heaps and other evidence of old iron work- 
ings, abound almost everywhere on the Northampton 
sand. Near Oundle, and at Duston, Eoman remains 
have been found in association with the cinder heaps. 

There is historical evidence that in Norman times, 
iron was made extensively all over Rockingham forest ; 
and Rockingliam Castle is said to have been originally 
erected for the defence of these furnaces, more pro- 
bably to control the iron workers. 

Besides the localities noticed above, the Northamp- 
ton sand covers largo areas in Oxfordshire, Northamp- 
tonshire, Leicestershire, Rutlandshire, and Lincoln- 
shire, wliich would yield immense supplies of ore if 
opened up by railways. 

II. Lincolnshire. A. Lower Lias. These beds form 
•the top of the series known as the Lower Lias lime- 
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stone and sliiile, and are cluiractorizc'd hy the proat 
abundance of Gryp/fcea arcuaia. The ironstone bed, 
L'7 feet thick, is dug at Scunthorpe and Frodingliani hi 
North Lincolnshire. In ISOU tons of O 10 

w?re raised, while 33,786 tons of pig iron were made 
in six blast furnaces on the spot. Originally the iron- 
stone smelted at this j)oint was collected in the form of 
rolled fragments from the alluvium, and it was o/jiy on 
removing the cover that the thick bed now worked was 
discovered. 

B. Middle Lias. Two beds of ironstone, the upper 
one measuring 8 feet and the lower 4 feet in thickness, 
are met with in North Lincolnshire. They are pro- 
bably the equivalent of some of the Cleveland iron- 
stones. As far as is known, they arc not used at 
present. Ironstone probably of this age was formei’ly 
worked at Kirton in Lindsey, also it has been found at 
a point N.W. of the city of Lincoln, and attempts 
made to get a railway for the convenience of working 
it. The marlstonc rock in places forms a good iron- 
stone in South Lincolnshire, and there is evidence of 
its having been worked in ancient times. 

C. Northampton Sand. Inferior Oolite. This was 
extensively worked in olden times in South Lincoln- 
shire, but at present no workings arc carried on in this 
formation anywhere within the boundaries of the 
county. 

D. ‘‘Ironstone junction bed’* at the base of the 

upper estuarine series,” the equivalent of the Stones- 

field slate of the south of England. This is a baud of 
good ironstone, and although not more than a foot in 
thickness, was often worked in ancient times. 

E. “Ironstone balls of the Great Ooi.ite Clay.” 

A few years ago a considerable quantily of ore was 
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raised from litis formutioji, wl.icli is iho fHiiiivalont of 
the Forest marble of the south of Kii!;!aiitl, tit Overloii 
near Peterborouffh : but tlic workiii<ts have been aban- 
doned oil account of the large amount of waste inaferial 
requiring to be reinoved. Siiniliir ironstone balls <fl 
good quality arc frequent in the lower part at tlie 
middle and upper part of the Lower Lias, but tli(*y 
haV^ntot as yet been turiH'd to account. 

F. Ncocomian. In the beds of the “ Tea I by scries " 
or Middle Ncocomian, is found a brown ironstone 
made up of oolitic grains exactly similar to that of 
Steinlahde and Osterholz, near Salzgitter, in Hanover, 
which is of the same geological age. This iiseful bed 
of ore, averaging feet in thickness, is full of fossils, 
and highly calcareous, yielding from 28 to per cent, 
of iron. It is highly valued for mixing with certain 
of the clay ironstones of Yorkshire, and is exported 
to that district at the rale of lOG tons daily. 

HI. Yorkshire. In tlie moorland district of York- 
shire the lower ooliles, as well as the lias, contain gi’eat 
deposits of ironstone, the follow'ing being the principal 
horizons in descending order : — 

A. Upper Sanrlstone Shale and Coal of Phillips, 
probably of the age of the great oolite. This group con- 
tains numerous bands of ironstone in nodules, some of 
which were worked in ancient times. 

Ik Lower Saiulstone Shale and Coal of Phillips, 
equivalent to the upper part of the inh'rior oolite. It 
contains similar nodules to those in the upper series. 

C. T)o(j(jer*^ This includes the lower part of tho 
inferior oolite and the sands below it, or “ Lias sand ’’ 
of Dr. Wright. In Rosedale the lower part of this 
deposit forms ts rich iron ore, often yielding as much as 
50 per cent, of iron. It has the green or blue colour 
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and the pseudo -oolitic structure of the Northampton 
sand when seen in the unwcathercd state. 

D. Middle Lias. This formation yields the Cleve- 
land ironstone, which is divided into several beds, 
separated by shale. The total thickness of ironstone 
rock varies from 8 feet, or less, to 20 feet, and the 
yield per acre from 20,000 to 60,000 tons. The whole 
of the workable ironstones are in the highest *jjj^To7 
the middle lias. 

The following is the return of the amount of iron 
ore raised and consumed in the United Kingdom for 
the year 1 869 



Iron Ores. 

Tons. 

Spathic red and brown 

11,723 

Sj)athic 

27,230 

Brown 

172,023 

Oolitic brown 

104,796 

» » • . 

10,167 

» . . 

793,284 

f day, and black band ) 

) and brown . j 

2,323,232 

Red ... . 

1,8.32,237 

\ Clay band and clevo- ) 

( land . . j 

.3,326,583 

Clay band and spathic 

159,600 

Clay band and brown . 

748,495 

Brown 

1,292 

Clay and black band . 

1.950,000 

Black band and brown 

65,000 

( Specular red and | 
i brown . , j 

131,000 

Total .... 

11,656,241 


Cornwall and Devon 
Somersetshire 
Gloucestershire 
Wiltshire .... 
Oxfordshire .... 
Northamptonshire and Lin - ') 
colnshiro . . . j 

: Coal-fields of central England 
X^ancashire and Cumberland . 
Yorkshire .... 

Northumberland and Durham 

Wales 

Isle of Man .... 
Scotland .... 

Ireland .... 

Foreign ores 


Some of the quantities are approximations, and are probably less 
than the actual produce. (See mineral statistics for 18G9.) 

In addition to these ores there are used 192,000 tons of Purjde ore ” * 
or residues of pyrites after the extraction of copper and sulphur, and 
% largo proportion of the cinder produced in forges in rolling mills. 


• An analysis of this ore is given at p. 449 
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OHAPTEll IV. 

ASSAY AND ANALYSIS OF IRON ORES. 

In order to arrive at tlie economic value of an iron ore, 
it is requisite to determine not only its percentage con- 
tents of metallic iron, but the approximate constitution 
of the associated earthy matters with regard to their fusi- 
bility, and also the amount of elements likely to exert a 
special influence on the iron produced, such as sulphur, 
phosphorus, &c., which as a rule are present only in a 
small quantity. Por the latter purpose it is necessary to 
make use of the ordinary processes of quantitative 
chemical analysis, while the two former questions may 
be answered by means of the dry assay, which repro- 
duces in miniature the operations performed on the 
great scale in the blast furnace, giving as a result the 
maximum amount of cast iron to be obtained for the 
ore under the most favourable conditions. 

If it is desired to know the amount of pure iron 
present, recourse must be had to the wet way, either by 
direct determination as peroxide, or indirectly by the 
volumetric method, in which the amoimt of metal is 
deduced from the number of measures of solution of 
an oxidising agent of a given strength necessary to 
convert the amount of protoehloride of iron contained 
in the sample dissolved in hydrochloric acid into per- 
chloride. This latter method is in many respects 
preferable to the former, and may be used with advan- 
tage not only in assaying, but also in the complete 
analysis. 

The method of conducting these operations will next 
be briefly noticed under the following heads ; — 
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1. l)yy Assay. 

It. W'i.'-. .Vssiiy. 

fi. ^Analysis. 

JJr// Amiy, Tlie ore in a finely divided state, mixed 
with charcoal and appropriate fluxes, is exposed in a 
cincible to a full white heat in a wind furnace or 
Ibrgc. The reduced iron comhiiies with a portion of 
carbon, forming cast iron, while the earthy matkrrs'of 
liie fluxes are properly adjusted to give a fusible slag. 

^J^he following method is recommended by Berthior 
to be used in the preliminary detennination of the 
earthy matters : — 

A weiglied quantif y (about 150 grains) of the ore is 
to be heated to redness in a platinum crucible ; the 
loss of weight gives the amount of wafer, carbonic 
acid, and other volatile matters. Another weighed 
quantity, in fine powder, is heated with very weak 
nifri(j acid, which dissolves out tJie carbonafes of lime 
and ]nagnesia ; the residue, aft(T filtration, is weighed, 
and contains only oxide of iron, clay, and quartz, the 
difference giving the amount of the earthy carbonates. 

Lastly, anoth(T portion of ore is digested in strong 
hydrochloric acid, whereby the carbonates of lime and 
magnesia and the oxides of iron are dissolved, while the 
insoluble residue consists of quartz and clay. This is 
weighed, and the oxides of iron arc determined by the 
difference of weight after deducting that of the car- 
bonates of lime and magnesia previously found. If 
it is desired further to deteiminc the amount of quartz, 
the residue of the last operation, fused with throe 
times its weight of a mixture consisting of equal 
parts of carbonates of soda and potash, evaporated to 
dryness with hydrochloric acid and digested with 
water, whereby the silica is rendered insoluble, and 



ASSAY A>JD ANALYSIS OF lUOX OllES. 9o 

may be collected on a filter, dried, ignited, and weighed, 
the difference between it and the weight of the total 
insoluble residue, gives approximately the amount of 
alumina. 

From the results obtained by the preliminary inves- 
tigation, the proportion of fluxes necessary to be added 
can be calculated, the object being to produce an easily 
fueibhi slag. The following are good tj^es of such 
slags : — 

2 (3 CfiO. SiO*) “4- A120‘*Si03, with 47 limo, 15 alumina, and 37 silica 

per cent. 

3 CaO. 2SiO®-fAlW 2SiO*, with 30 lime, 14 alumina, and 5G silica 

per cent. 

The first approximates in composition to the average 
slag of a coke furnace ; while the second, in like man- 
ner, represents that from a charcoal furnace in good 
working order. 

The following arc the principal fluxes required : — 
1. Silica in the form of wliite glass-liouse sand or 
ground flints, which are practically free from iron : the 
purest variety is that obtained by crushing and grind- 
ing rock crystal, whi(F has been previously- shivered 
by quenching in water from a red heat, but this pro- 
cess is troublesome and unnecessary. 2. Alumina : 
this is best supplied in the form of china clay, which 
contains about 40 per cent, of alumina, 47 of silica, and 
13 of water. Before using it must be dried at a strong 
heat and finely powdered. Fire clay and shale are also 
used, but have the disadvantage of containing small 
quantities of iron. 3. Limo, either in the caustic 
state, or as carbonate ; the latter is more convenient, 
either statuary marble, chalk, or any limestone free 
from iron may be used. It may in some instances be 
advantageously replaced by fluorspar, which forms a 



96 


METALLURGY OF IRON. 


good slag, but is rarely used on the large scale in the 
smelting process. Plate or crown glass free from lead 
may be substituted for sand with argillaceous ores : it 
contains from 60 to 70 per cent, of silica, the remainder 
being lime, potash, and soda. Borax, on accoxmt of its 
great solvent powers, is not to be recommended, as 
it is liable to take up a portion of the iron which 
escapes reduction, causing a loss on the assay. i31ean 
blast-furnace slags, such as are obtained from a furnace 
on grey iron, if carefully freed from any entangled 
shots of metal, may be used with advantage in fluxing 
rich ores containing but little foreign matters. The 
best slag for argillaceous ores is that resulting from a 
mixture of carbonate of lime equal to two-thirds of the 
total amount of clay present. 

Although Berthicr’s method of approximatelj^ deter- 
mining the composition of the ore previous to the 
assay may in certain cases be advantageous, it is not 
generally advisable to adopt it, as a sufllciontly good idea 
of the nature of the fluxes to be added may usually be 
formed from the a23pearances of the ores alone. Thus, 
hematites, both red and brown, are generally associated 
with silica, and require both lime and alumina. Spathic 
and other calcareous ores not containing clay require 
an addition of silica in the form of sand, or an acid 
silicate such as glass, besides lime and alumina, while 
argillaceous carbonates may be fluxed with lime alone. 
In Sweden, magnetic ores are usually assayed with 
reference to their self-fluxing powers, those varieties that 
contain a suflSciency of readily fusible earthy minerals, 
such as garnet, idocrase, pyroxene, &c., to form their 
own slags, being of greater value than those requiring 
the addition of fluxes. 

The proper apportionment of fluxes may also be formed 
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by the method of trial and error, three or four equal 
weights of the ore being treated at the same time in 
the furnace with variable additions, according to the 


following list : — 

X. 

n. 

III. 

IV. 

V. 

Silica 

. 50 

50 

30 

45 

15 

Alumina 

. 25 

16 

20 

18 

5 

Lime . 

. 25 

34 

50 

37 

80 

The weight in all 

cases to be 

made 

up to 

one-half 

of that of the quantity of 

ore 

employed. 

The most 

advantageous proportion will of 

course 

be that giving 

the highest produce. 






The following proportions of fluxes are recommended 

by Plattner : — 

I. 

II. 

III. 

nr. 

V. 

Lime . 

. 10 

5 

25 

20 

— 

Fluorspar 

. 25 

25 

25 

20 

20 

Clay . 

. — 

— 

— - 

— - 

10 


No. I. is for use with magnetite ; II. with specular 
iron ore ; III, with earthy and siliceous red and brown 
hematite, clay iron ore, and limonite ; IV. with brown 
hematite and forgo cinders ; and V. with spathic ore. 

Mode of Conducting the Assay, This may be per- 
formed either in plain clay crucibles, or in such as 
have been lined with charcoal or hrasqued. In the 
former case, from 100 to 150 grains of finely-powdered 
ore are intimately mixed with the appropriate fluxes 
and about 25 per cent, of charcoal powder, and charged 
into a blacklead or clay crucible, the cover being luted 
on with clay. It is then placed in a wind furnace, 
and subjected to a moderate heat for a short time, in 
order to drive off any water and carbonic acid that 
may be present, after which the fire is increased and 
-maintained at a full white heat for an hour. Wher 
the fuel has burnt down, the crucible is taken out and 

« F 
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allowed to cool. It is then broken, and if the opera- 
tion has been properly conducted, a button of grey 
cast iron, smooth and well melted, wdll be found at thd 
bottom, surmounted by a well-melted glassy or enamel- 
like slag. It is, however, necessary to reduce the slag 
to powder and examine it with a magnet for shots of 
metal, which are to be added to the principal button 
and weighed with it. If the fluxes have been irfipro- 
perly proportioned, the slag wiU be only imperfectly 
melted, and the assay must be repeated. 

The use of brasqued crucibles is generally pre- 
ferable to the foregoing method. They are prepared 
as follows : — ^The hollow of the crucible is filled 
with charcoal powder rammed down hard, and ren- 
dered adhesive by a slight admixture of treacle or 
starch. When dry, the cement is carbonised by heat- 
ing to redness in a covered vessel, and a compact 
smooth mass of charcoal is obtained, exactly filling the 
crucible. A cylindrical cavity, of sufficient size to con- 
tain the mixture of flux and ore, is bored out with a 
spatula, and the sides are polished by rubbing with a 
glass rod. After the introduction of the assay the hole 
is stopped with a charcoal plug, and the cover of the 
crucible is luted on as before described. The weight of 
samples operat ed upon may bo, as in the former case, 
from 100 to 150 grains. 

A more convenient method of conducting the assay 
is that adopted in Sweden, where small brasqued cruci- 
bles, about 2 inches high and IJ inches in diameter, 
are used. The weight of ore taken being only 10 or 
15 grains, four crucibles are placed in the fuinace at 
one time, a piece of fire brick about 3 inches square 
being used as a stand ; coke or anthracite may be most 
conveniently used as fuel. As soon as a white heat has been 
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attained^ the fire is allowed to go down, and the cruci- 
bles are removed by lifting out the stand, to which they 
• are generally cemented by the slag of the fuel when 
suflBciently cool. When cold they are broken, and the 
buttons of metal and slag found in the cavity of the 
brasque are removed and separated, the latter are 
crushed in a steel mortar, and any further portions of 
iron, that they may contain are extracted by the magnet 
in the usual way. 

When the assays are well done the four results 
should not vary from each other more than two or 
three-tenths per cent. 

The following conclusions may be deduced from the 
appearance of the slag : — If it is perfectly transparent 
and of a green tint, silica is in excess ; if a light 
grey or bluish enamel, or translucent glass, the 
earthy bases, lime and alumina, are in proper propor- 
tion ; but if stony and rough, or crystalline in fracture 
and dull in lustre, it is too basic. 

If the product, instead of being melted, is only 
fritted, and contains the reduced iron interspersed as a 
fine grey powder, both silica and alumina are deficient 
in the fiux, lime and magnesia being in excess. The 
latter is one of the most refractory substances found in 
iron ores, and, where present in quantity, requires an 
addition of both silica and lime. 

A vesicular slag, with the iron interspersed in mal- 
leable scales, indicates the presence in the ore of 
silicates of iron and manganese, or an excess of silica, 
which react on the carburettod iron as it forms, pro- 
ducing malleable iron and carbonic acid ; the latter gas 
escaping through the slag, gives it a spongy character. 
This defect is to be corrected by the addition of lime. 

Manganese, when in small quantity, gives the well 
P 2 
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known amethystine tint to the slags ; in larger propor- 
tion it renders them yellow, green, or brown. The 
duller colour is said to be due to the formation of 
sulphide of manganese. 

The fracture of the button obtained in the assay pre- 
sents indications of the presence of foreign bodies much 
in the same way as that of pig iron produced on the 
large scale. Thus a hard brittle white metal cont;^ins 
phosphorus ; sulphur produces a strong, reticulated, 
mottled structure ; manganese a bright crystalline cha- 
racter, resembling spiegeleisen ; titanium a duller grey, 
reticulated texture ; while a dark grey graphitic metal 
shows that the ores are easily reducible, or that a very 
high temperature has been obtained in the furnace. 
No exact information as to the quantitative composition 
of the iron likely to be produced from the ore on the 
large scale can, however, be directly obtained from the 
assay, as the conditions under which it is performed — 
the ore and fluxes being in a state of intimate con- 
tact, and the quantity of fuel unlimited — represent a 
favourable combination of circumstances totally unat- 
tainable in the smelting furnace. 

Wet Assay, When bichromate of potash, dissolved 
in water, is added to the acid solution of a protosalt of 
iron, the latter is converted, at the expense of the oxygen 
of the chromic acid, into a persalt, with the simultaneous 
production of a potash salt, a sesquisalt of chromium, and 
water. The following expresses the reaction with pro- 
tochloride of iron dissolved in hydrochloric acid : — 

6 Fea + 7 Ha + KO 2 CrO» = 3 Fe^a* + KQ + 7 HO + C5r*a». 

When a solution of permanganate of potash is substi- 
tuted for the bichromate, the formula becomes — 

10 FeQ + 8 Ha + K0.Mn»07 «= 5 Fe*a» + Xa + 8 HO + 2 MnCl. 
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The termination of the reaction can in either case be 
easily determined. The permanganate solution is of a 
deep rose-red colour, which is entirely discharged as 
long as any protochloride remains unaltered ; but the 
smallest drop in excess, owing to its strong colouring 
power, communicates a decided pink tint to the assay. 

With bichromate of potash an indirect method must 
be employed, as the change of colour is not sufficiently 
marked to indicate the moment of complete peroxida- 
tion of the iron. For this purpose, a very weak and 
nearly colourless solution of ferricyanide of potassium, 
or red prussiate of potash, is used, which produces a 
bluish-green tint when mixed with protosalts, but is 
unaltered by persalts of iron. 

If in the above experiments the oxidising solutions 
be made of a known strength, and be supplied from 
graduated glass vessels, the cubic volume consumed in 
either case will furnish us with a ready method of 
computing the amount of iron contained in the solution 
operated upon. 

According to the laws of chemical proportions, 151 
grains of bichromate of potash correspond to 168 grains 
of iron in the first of the above formulae, and 158 grains 
of permanganate of potash to 280 grains of iron in the 
second, or 0*898 grains of the former and 0*564 grains 
of the latter salt are respectively equivalent to 1 grain 
of pure iron. 

Both of the above methods are used in practice ; they 
are known after the names of the chemists who intro- 
duced them — ^the permanganate process as Marguerite's, 
and the bichromate as Penny's process. The latter, 
although somewhat the more complicated, owing to the 
use of the second test solution, is perhaps the more 
generally useful of the two, its indications not being 



uait measures, will exactly correspond to 10 grains or 
other unit weights of metallic iron, so that the per- 
centage of the ore may be found directly from the 
number of measures consumed without the trouble of 
calculation. The necessary proportions are 315 grains 
of bichromate or 197 grains permanganate to half a 
gallon of distilled water. The latter solution must be 
carefully kept from contact with organic matter in o 
glass-stoppered bottle. That of the bichromate is more 
stable, and can be preserved for a long period without 
alteration if protected from evaporation. 

When greater accuracy is required, as, for example, 
in analytical determinations, solutions of half the above 
strength, 1,000 measures, corresponding to 5 grains of 
iron, are to be preferred. 

The red prussiate solution required in Penny’s pro- 
cess, must be very weak, from 2 to 3 grains being suf- 
ficient for half a pint. It is used in small spots, which 
are dropped on a white porcelain slab from the end of a 
glass rod. A drop of the solution under assay is con- 
veyed to the slab in a similar manner, and mixed with 
one of the spots, when a blue tinge will be produced as 
long as any imaltered protosalt of iron remains. The 
addition of the standard solution must therefore be 
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continued, testing by drops at short interval-, until the 
yellowish colour of the prussiate spots can no longer be 
. changed. 

When large quantities of standard solutions are kept, 
it is necessary, from time to time, to readjust them, or, 
what is preferable, to determine their absolute value. 
This is done by dissolving a weighed quantity — say 
10 grains — of bright iron pianoforte wire, which may 
be considered as containing 99i per cent, of iron, in 
hydrochloric acid, and observing the number of mea- 
sures requisite to convert the protochloride of iron 
into perchloridc in the manner already described. The 
value so found is to be applied in computing the assays 
instead of the assumed standard. Crystallised proto- 
sulphate of iron, FeO. SO^ 7 HO, or protosulphate 
of iron and ammonia, FeO. SO^ -j- NIFO. SO®, salts 
soluble in water, may be used for the same purpose. 
The latter salt has the advantage of containing exactly 
one-seventh of its weight of iron. 

Solution of the Ore. This may be conveniently ef- 
fected in the conical flat-bottomed glass flasks used by 
gold assayers. A weighed quantity, from 10 to 20 grains, 
of the ore in a state of fine powder is digested with 
strong hydrochloric acid at a moderate heat for about 
half an hour. Some varieties of hematite and magnetite 
are very difficultly soluble in hydrochloric acid, but 
can be rendered so, by a preliminary reduction to the 
metallic state, by heating to redness in an atmosphere 
of hydrogen or coal-gas. 

When the iron is completely dissolved, any portion 
of it existing as perchloride must be reduced to the 
state of protochloride by the addition of metallic zinc, 
and boiling till the liquid no longer shows a yellow 
tint. 
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Sulphite of soda may be used for the same purpose, 
but care must be taken to remove any free sulphurous 
acid by boiling until the gas is no longer perceptible 
by its peculiar smell. In either case, the solution must 
be diluted with water before the application of the 
reducing agent. 

Determination of the Iron. The contents of the flask, 
when cooled, are to be transferred to a porcelain 
dish, and the standard solution is then added from 
a graduated tube or burette, the liquor being well 
stirred after each addition, the termination of the 
reaction being indicated by the coloration tests already 
described. 

Blackband ores dissolve in acid with separation of 
finely-divided carbonaceous matter, which must be 
removed by filtration if the assay is to be made by the 
permanganate process, care being taken to prevent per- 
oxidation of the iron by exposure to the air, by covering 
the funnel with a glass plate, keeping a piece of zinc 
on the filter, and washing rapidly with hot water. 
When the same ores are assayed by Penny's process, 
the filtration, though not obligatory, is to some extent 
advantageous, as the dark-coloured suspended particles 
interfere with the exact determination of the end of 
the decoloration. 

Zinc cannot be used in the reduction of the solutions 
obtained from ores containing titanic acid, as it con- 
verts the perchloride of titanium, TiOP, into the sesqui- 
chloride, Ti^CP. In such cases sulphite of soda is to be 
employed. 

The amount of iron existing as protoxide in a mixed 
ore, such as magnetite, may also be determined by the 
volumetric method. The process is exactly similar to an 
ordinary assay, except that the reduction with zinc or 
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sulphite of soda is omitted, the amount of protochloride 
formed being in equivalent proportion to that of prot- 
oxide contained in the ore. Care must be taken to 
exclude air during the operation. If a second deter- 
mination of the total quantity of iron be then made, 
the amount of peroxide may be calculated from the 
difference of the two. This plan only gives correct 
results when no oxidising agents, such as peroxide 
of manganese, are present. As in the latter case, 
chlorine is evolved during the solution in hydrochloric 
acid, or the protochloride of iron is converted into per- 
chloride. 

Comparative Yield of Dry and Wet Assays. As the 
return of the dry assay is made in cast iron, a substance 
which, as has already been stated, is of very variable 
composition, containing at times as much as 16 per cent, 
of other elements, while the wet assay expresses the 
amount of pure iron in the ore, the results obtained by 
the former method should in all cases indicate a higher 
percentage than the wet assay of the same ore. Such 
an excess is actually observed in practice when the 
fluxing has been properly conducted, and the assays 
have been exposed to a sufficiently high temperature. 
The difference is greatest with those spathic ores that 
contain a large quantity of carbonate of protoxide of 
manganese, as a considerable portion of the latter metal 
is likely to be reduced and alloyed with the iron, giving 
rise to the variety of metal known as spiegeleisen. With 
ordinary ores, however, the difference is not so great, 
the excess being exactly from 2 to 4 per cent. The 
composition of the assay buttons cannot, however, be 
directly paralleled with that of the pig iron likely to 
* be obtained from the same ores on the large scale, as 
the conditions are dissimilar in many important par- 

F 3 
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ticulars. Thus the assay is conducted with a practically 
unlimited quantity of reducing material, and the ore 
and flux are in the finest possible state of division, and 
intimately mixed, so that the reduction may take place 
under the most favourable circumstances, and such as 
are not always obtainable in the blast furnace. Except, 
therefore, when conducted as fluxing experiments, the 
results of the dry assay are less valuable than those 
obtained by the wet assay, which is in all cases to be 
preferred when it is desired to ascertain the exact 
percentage of iron contained in the ore. 

The following series of dry assays of magnetic ores, 
compared with corresponding analytical determinations 
of the iron, show a difierent result, the assays in almost 
all cases giving a lower produce. The method adopted 
was a somewhat dissimilar one from that usually em- 
ployed, as the ores were reduced either without flux, or 
with at most 5 per cent, of lime. 


I. II. ni. IV. V. VI. VII. 

Iron by dry assay 59 0 58*0 66*0 66-0 58*0 59*0 71-0 
„ analysis . 60*9 59*6 66*6 67*8 59*6 61*2 65-6 

The chief cause of these differences is to be sought 
in the more perfect fusibility of the earthy matters in 
some of the samples. The whole number were crys- 
talline magnetites, associated with hornblende, chlorite, 
carbonate of lime, and quartz from the Roslagen dis- 
trict, in Sweden. 

Analysis of Iron Ores. The following sketch of the 
processes followed in the systematic analysis of iron 
ores is derived from the “ Memoir on the Iron Ores of 
Great Britain,^' founded on an elaborate investigation 
of English and Welsh iron ores, conducted by Messrs. 
Dick and Spiller in the laboratory of the Royal SchooJ 
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of Mines, under tlie direction of Dr. Percy, published 
in part between the years 1850 — 62. 

Ilie chief components determined in the analysis of 
iron ores for metallurgical purposes are estimated in 
the following order : — 

1. Imoluhle Matter, A weighed quantity of the ore 
finely powdered is digested in strong hydrochloric 
acid until no further action takes place, and then 
boiled for fifteen minutes before dilution. The in- 
soluble portion is then separated by filtration, and 
after having been well washed with boiling water, 
is dried, separated from the filter, ignited to redness, 
and weighed. Its subsequent treatment will be de- 
scribed further on. 

2. Hydrochloric Acid Solution, After peroxidisatioK 
of iron by nitric acid, or chlorate of potash when neces- 
sary, the filtrate from No. 1, rendered nearly neutral 
with ammonia, is boiled with an excess of acetate of 
ammonia, and filtered hot. The precipitate is washed 
with hot water. The filtrate is received in a flask 
rendered alkaline with ammonia, and after the addition 
of a few drops of bromine is carefully corked, and 
allowed to stand for twenty-four hours. It is then 
heated and rapidly filtered. The precipitate of hydrated 
peroxide of manganese is, on ignition, converted to 
mangano-manganic oxide, Mn^O*. The filtrate from 
the last operation contains lime and magnesia; the 
former is precipitated by oxalate of ammonia, and is 
either weighed as carbonate, or sulphate: it is converted 
into the former by ignition, or into the latter by moisten- 
ing with sulphuric acid, and heating until the excess 
of acid is driven off. The filtrate from the precipi- 
tated oxalate of lime is heated with phosphate of 
soda and excess of ammonia, and allowed to stand 
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for twenty -four hours, during which time a granular 
precipitate of phosphate of magnesia and ammonia 
separates. This is collected on a filter, and as it is 
sensibly soluble in pure water, must be washed with 
water containing a little ammonia. By ignition, the 
precipitate which has the composition (2 MgO. 

PO® loses its ammonia, and is converted into bibasic 
phosphate of magnesia, and may then be weighed, and 
the amount of magnesia computed. 

The first precipitate produced in the hydrochloric 
acid solution, consisting of basic acetates of iron and 
alumina and phosphoric acid, is to be dissolved in hydro- 
chloric acid, and boiled with excess of caustic potash 
in a platinum, or what is preferable, a gold basin. 
Both peroxide of iron and alumina are at first precipi- 
tated by this treatment, but the latter oxide subse- 
quently redissolves, and is separated by filtration. The 
filtrate is acidified with hydrochloric acid, and boiled 
with an addition of chlorate of potash for the purpose 
of destroying any soluble organic matter due to the 
action of the caustic alkali on the filter paper, nearly 
neutralised with ammonia, and finally rendered alkaline 
with carbonate of ammonia, when the alumina, with 
some phosphoric acid in combination, goes down in an 
insoluble form, and is collected and weighed after 
washing and ignition. The amount of phosphoric acid 
is determined by a special process, and deducted from 
the former weight : the difference gives the corrected 
amount of alumina. 

The precipitate of hydrate of peroxide of iron re- 
maining after separation of the alumina usually con- 
tains a small quantity of silica, and is therefore not 
subjected to any further treatment, as the amount of 
iron may be more accurately determined by standard 
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solution of bichromate of potash in the manner alreadj 
described for the wet assay. 

Determination of Phosphorus. A weighed quantity 
of the ore is digested with hydrochloric acid, and filtered 
from the insoluble residue. The filtrate, which should not 
be too acid, is treated with sulphite of soda to reduce the 
iron to the state of protochlorid^ nearly neutralised 
with carbonate of soda, acetate of soda is added in excess, 
and the liquid boiled. A strong solution of perchloride 
of iron is then added imtil the precipitate formed has a 
decidedly red colour. This precipitate, which contains 
all the phosphoric acid present in the ore, is, after 
filtration and washing, dissolved in hydrochloric acid, 
tartaric acid and ammonia being added to the solution 
to prevent the precipitation of the iron. The phos- 
phoric acid is then separated as phosphate of magnesia 
and ammonia by the addition of chloride of ammonium, 
sulphate of magnesia, and ammonia, care being taken 
to conduct the operation in the manner already de- 
scribed for the determination of magnesia. 

Determination of Sulphur. This may exist under two 
different conditions in the ore, either as soluble sul- 
phates, or sulphides decomposable by hydrochloric 
acid, or as bisulphide of iron, which is not affected by 
that reagent. For the determination of the sulphuric 
acid, the solution obtained by digestion of a weighed 
quantity of the ore in hydrochloric acid is treated with 
chloride of barium, with the production of an insoluble 
precipitate of sulphate of baryta, which is collected on 
a filter, and estimated apart. Iron pyrites, if present, 
will be found in the insoluble residue, which is to be 
frised with nitre and carbonate of soda in a gold 
crucible. The iused mass is then dissolved in hydro* 
chloric acid, evaporated to diyness, redissolved, and 
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filtered from the insoluble residue. The sulphuric acid 
formed by the oxidising action of the nitre on the 
pyrites will be found in the last filtrate, and is pre- 
cipitated by the addition of chloride of barium as 
before: 100 parts of sulphate of baryta correspond 
to 34*37 of sulphuric acid, 25*48 of iron pyrites, or 
13*75 of sulphur. 

Analysis of Insoluble Residue, The examination of the 
residue insoluble in hydrochloric acid, is not usually 
carried out in commercial analysis, being generally 
returned as “ insoluble siliceous matter ; '' it is, how- 
ever, more satisfactory to determine its composition, 
as without a complete analysis, an element of value in 
the working of the ore, namely, the presence of easily 
fusible earthy silicates, such as garnet, hornblende, 
&c., may be overlooked. The residue from the first 
operation must be fused with four times its weight of 
carbonates of soda and potash mixed in equal pro- 
portions; the fused mass is then dissolved in dilute 
hydrochloric acid, evaporated to dryness, the residue 
moistened with strong hydrochloric acid, and after 
standing for some hours, digested with hot water and 
filtered. Silica and titanic acid are rendered insoluble 
by this treatment, while the filtrate contains all the 
alumina, iron, lime, and magnesia that may be present, 
which are to be separated by the methods already 
described. 

If the precipitated silica contains titanic acid, it may 
be separated from it, by mixing with sulphuric acid, and 
exposure in a platinum dish for several hours to the 
action of hydrofluoric acid in a closed lead chamber, 
when the silica volatilises, leaving a residue, consisting 
mainly of titanic acid, in addition to small quantities, 
of alumina and peroxide of iron. 
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The examination for titanic acid is a difficult and 
troublesome process, as a certain quantity is usually dis- 
solved by hydrochloric acid, goes down with the iron in 
the analysis of the soluble portion, and can only be 
rendered insoluble by ignition. In like manner, in the 
treatment of the insoluble residue, a portion goes into 
solution unless the fused mass be strongly heated before 
re-dissolving. 

Determination of Water, The accidental or hygro- 
scopic moisture is found by exposing a weighed 
quantity of the ore in powder to a heat not exceed- 
ing that of boiling water, and re- weighing to deter- 
mine the loss. For combined water the dried residue 
is placed in a hard glass tube, to which is adapted a 
weighed tube containing fragments of fused chloride of 
calcium. The powder is then gradually raised to a low 
red heat, whereby water and other volatile matters in 
combination are expelled ; but of these, only the former 
is absorbed by the chloride of calcium, so that its 
amount may be found directly by re- weighing the tube. 

Determination of Carbonic Acid, This may be effected 
by decomposing a weighed quantity of the ore with 
sulphuric acid in a small flask provided with a delivery 
tube, carrying the gas into a second flask containing 
strong sulphuric acid, which absorbs any water carried 
over. Carbonic acid only escapes, and is determined 
by the loss of weight of the apparatus. 

The preceding are the principal substances usually 
determined in analyses for metallurgical purposes. 
The complete operation is both difficult and tedious, 
involving numerously repeated precipitations, filtra- 
tions, and washings, and, in some cases, requiring 
between thirty and forty determinations of weight in 
the examination of a single ore. The advantages to bo 
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gained from such analyses are, however, very great, 
especially in the case of new or unknown minerals, 
which are not generally adopted in the smelting pro*- 
cess without preliminary chemical investigation. 

The analyses of cast and wrought iron and steel are 
conducted in a particular manner, and will be noticed 
after the description of the processes by which these 
metals are obtained. 


CHAPTER V. 

PREPARATION OF IRON ORES. 

In England it is not usual to subject iron ores to any 
complex mechanical treatment or dressing, such as is 
usual with the ores of other metals, as the low price 
of workable ores, together with the facility for obtain- 
ing supplies, renders it almost impossible to improve 
poor or inferior ores advantageously. But on the Con- 
tinent, in many parts of France, Belgium, and Germany, 
argillaceous brown iron ores of low produce are sepa- 
rated from a portion of the intermixed clay and sand 
by sifting, crushing, or stamping, and washing. This 
is more especially the case with the lenticular or piso- 
litic ores of the oolitic and cretaceous formations 
(bohnerz). As the chief object is, however, to remove 
such finely-divided matters as can be carried away by 
a stream of water from the larger masses of ore, the 
breaking machinery must be so combined as to produce 
the smallest amount of dust. Roller-crushing milla 
are therefore to be preferred to stamps. Irregular 
hollow nodules of brown iron ore, such as found in the 
Greensand formation, and other sandy limonites, may be 
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separated from the adherent sand by dry-sifting ; and 
by cracking the nodules, a further portion of loose sand 
‘wffl often fall out of the interior. 

The machinery used for washing iron ores is gene- 
rally of a very simple character. The commonest 
arrangement consists of a horizontal shaft, armed with 
projecting knives or paddles, revolving in a cylindri- 
cal trough, through which a stream of water is kept 
flowing. The rough ore, after being well mixed up 
with the water by the action of the paddles, is carried 
by the stream into a settling launder or pit, where the 
heavier masses of clean ore deposit, while the finely- 
divided earthy matter is carried off with the waste 
water. When fine-grained soft ochrcous ores are sub- 
jected to washing, a large quantity of finely-divided 
hydrated peroxide of iron is liable to be carried off by 
the stream, together with the clay. In such cases it 
is necessary, if it is desired, to avoid a considerable loss 
of iron, to collect the shmes in catch-pits, and subject 
them to further treatment. An instance of this kind 
is furnished in the preparation of the ores produced at 
the Cornelia mine, near Stolberg, in Ilhenish Prussia, 
where argillaceous yellow ochreous ore, after a pre- 
liminary spalling or breaking by hand, is subjected 
to the action of a vertical rotating agitator in a 
circular trough, through which a constant current 
of water is kept flowing. The fine muddy particles 
are removed by the stream, while the ore remaining 
behind is thrown on to an iron riddle, and the small 
pieces falling through are washed in a slightly in- 
clined plane in a stream of water. The slime, together 
with that from the former operation, is carried into 
•settling pits, and deposits a ferruginous mud, which, 
when sufficiently dry, is moulded into bricks and burnt, 
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yielding a product containing from 40 to 43 per 
cent, of iron. The production is about 25 tons per 
day of twelve hours, at a cost of 17s., or 7^d. per 
ton, for washing. It is obvious that the above 
process is not susceptible of being applied to any 
great extent, a certain binding quality being neces- 
sary in order to give bricks of sufi&cient cohesive 
strength to withstand the crushing effect of a high 
blast furnace. This difficulty has hitherto prevented 
the smelting of certain finely-divided ores of high 
percentage, such as the magnetic and titaniferous iron 
sands of New Zealand and the St. Lawrence coasts of 
Labrador, as, if used alone, they either stop the draught 
of the furnace altogether, or are blown out at the 
throat, if the blast be increased to overcome the ob- 
struction. Various plans have been proposed for mix- 
ing these sands with clay or other binding materials, 
but hitherto without success, on account of the great 
expense when compared with the value of the product 
obtained, whose price will of course be measured by 
the local cost of ores fit for smelting without prepara- 
tion. 

In Belgium the washing of iron ores is conducted in 
inclined cylindrical drums of cast iron, 32 inches 
diameter, and feet long, armed internally with 
projecting spikes, which are made to rotate, while 
the ore is fed in at the upper end, a stream of water 
passing through at the same time. The particles of 
ore and clay loosened by the tearing action of the 
spikes, are discharged at the lower end into a trough, 
where they are separated by a current as in the pre- 
ceding instances. In Wurtemberg and Baden pisolitic 
brown iron ores contained in a ferruginous and calca-^ 
reous marly matrix are cleaned by the method of 
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jigging, hand sieves, of one-twelfth of an inch aperture, 
being employed, which are subjected to a gyrating 
motion in a tub of water. The cleaned grains of larger 
size remain on the sieve, while the fine stuff sinks in 
the tub, depositing a second quality of ore or hutch- 
work in the tub : the waste slime is allowed to run 
off by a hole near the bottom. By the adoption of some 
of the newer forms of jigging machinery this process 
may be made continuous in its action, but only by an 
increased consumption of washing water, and corre- 
sponding loss of material, to which must be added the 
interest on capital and cost of maintenance of machinery. 
In most cases, therefore, it will be found preferable to 
work in the furnace with ores of lower produce, when 
they are not inadmissible from excess of actually de- 
leterhms ingredients, such as iron pyrites, phosphate 
of lime, &c., rather than to concentrate them by 
mechanical means to a higher produce. An example of 
this is furnished by the magnetiferous dolerite of Taberg 
in Sweden, containing from 25 to 30 per cent, of iron. 
This, when concentrated by dressing to 43 per cent., 
gave a product which, on account of its finely divided 
state, worked so badly in the furnace, that it was found 
to be better to smelt it in its natural condition, the 
expense due to the increased consumption of fuel being 
compensated by greater facility in treatment. 

Weathering. The argillaceous ores of the coal 
measures occurring in nodules, are often difficult to 
separate from adherent fragments of shale when first 
raised ; if, however, they be exposed to the action of 
the air for some time, superficial oxidation takes place, 
the shale disintegrates, and can readily be removed. 
.Jn like manner, ores containing sulphides, such as 
copper, iron, and magnetic pyrites, when exposed to 
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atmospheric air and moisture, give rise to soluble 
sulphates which may be partially removed by rain. 
The beneficial effect of this process, which applies more 
particularly to spathic ores, may be increased by water- 
ing the heaps during dry weather, for the purpose of 
washing out the soluble salts formed, also turning them 
over to expose fresh surfaces from time to time. In 
the Harz, hard silicated ores are subjected to this treat- 
ment for a period of several years before smelting, but 
such a course could only be followed in works where 
the yield is comparatively small. Spathic ores, at the 
same time, undergo a superficial alteration by exposure, 
being converted into brown hematite. The same change 
takes place in a slight degree with nodules of clay iron 
ores, especially such as contain no carbonaceous matter. 
In all cases where ores are allowed to weather, care 
must be taken not to push the process too far, as in 
some instances absolute disintegration into small frag- 
ments or powder ensues, if the exposure be continued 
for too great a length of time. This remark applies 
specially to ores containing carbonate of lime, which, 
if exposed to the air for any length of time after cal- 
cination, fall to pieces, on account of the slacking of 
the caustic lime, produced by the decomposition of the 
carbonate in the roasting kiln. Such ores should, there- 
fore, be carefully covered if not required for immediate 
use in the blast furnace. 

At Ilsenberg, in the Harz, pyritic and siliceous 
hematite and magnetite, after crushing and washing, 
are exposed to the air for a period of from two to three 
years, in heaps from 2 to feet high, during which 
time they are repeatedly washed with water. After- 
wards they are again passed through the crusher, and.- 
exhausted with water during a whole summer season, 
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if pyrites exist in quantity. At Altenau, ores of a 
similar character are prepared by laying out in the air 
for one year, without the addition of water, after com- 
ing from the roasting kiln. 

At Golrad, in Styria, spathic ores are exposed to the 
weather for a period of five years before being deli- 
vered to the smelter, during which time the amount of 
sulphur is reduced from 3*68 to 0*20 per cent. 

The presence of carbonate of lime in these ores is a 
great obstacle to the removal of the sulphur by the 
action of water after roasting, as the caustic lime 
formed, decomposes the sulphates of iron and copper 
with the production of gypsum and hydrated oxides, or 
basic sulphates, which latter are insoluble in water, and 
cannot, therefore, be removed by mere washing. The 
same is true of the gypsum, which although soluble, 
is not to the same extent as the sulphate so, whose 
expense it is formed. 

According to Liiders, from 2 to 3 per cent, of lime 
and magnesia in a spathic ore is sufficient, when the 
sulphur does not exceed from 0*3 to 0*5 per cent., to 
combine with the sulphuric acid, and to decompose the 
sulphate of copper formed by roasting — four parts of 
sulphur combining with seven of lime to form gypsum. 
With larger amounts of pyrites, when the quantity of 
sulphur is increased to 1*2 per cent., the lime and 
magnesia are only sufficient to take up the sulphur 
set free by roasting, while the sulphate of copper 
formed remains undecomposed, and can be removed by 
washing with water. These reactions are sufficient to 
account for the common presence of copper in pig iron 
smelted from spathic ores. 

The removal of phosphoric acid from iron ores by 
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means of hydrochloric acid after roasting has been 
tried, but cannot be done to profit. Sulphurous acid is 
used for the same purpose at Kladno, in Bohemia — ^it is 
said with successful results. 

Ironstone Breakers. In order to attain the greatest 
regularity in working blast furnaces, it is advisable that 
all charges of ores and fluxes should be reduced to 
fragments of nearly uniform dimensions. The size of 
the fragments should be proportioned to the height 
of the furnace, and the greater or less susceptibility or 
reduction of the ore. Thus in large furnaces, such as 
those of the hematite districts in Lancashire, it is found 
convenient to break both ore and fluxes to the size of 
ordinary road metal, or cubes from 1^ to 2 inches in 
the side. In Sweden, hard magnetic ores, after roasting, 
are crushed to about f to 1 inch cubes. The Cleveland 
furnaces, as a rule, take the ore in much larger blocks, 
often as much as 4 or 6 inches in the side. The limits 
in either direction are to be determined by a comparison 
of conditions, which are different in each district, the 
larger masses being only adapted for tall furnaces, 
where, by the slow descent of the charges, sufficient 
time is allowed for the heat to penetrate to the interior, 
at the same time that a free passage is afforded to the 
upward current of gases. Smaller pieces, on the other 
hand, although exposing a greater surface to the action 
of the reducing gases, pack closer together, and offer 
greater resistance to the blast. 

The reduction in size may be effected cither by 
manual or mechanical means ; but there are probably 
very few iron-making districts in the world where the 
former method can be applied at the present day, unless 
it is requisite to combine the breaking with hand-pick- 
ing in the removal of injurious substances, such as 
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heavy-spar, &c. Of the various mechanical methods 
of breaking, the most advantageous are roller crushers, 
and the new lever machine, known as Blake’s rock 
breaker. Tilt or other forms of lever hammers may 
also be used, while stamps are in most cases objection- 
able, except with very hard ores, from their pulverising 
action, producing a proportionably larger quantity of 
dust. This may, to a certain extent, be avoided by 
substituting a grated floor for the stamp-heads to work 
upon, instead of the ordinary solid bed, so that the 
fragments, as soon as they are broken sufficiently small, 
fall through the spaces between the bars, without being 
subjected to an unnecessary amount of pounding. 

At Finspong, in Sweden, a tilt-hammer, striking 60 
blows per minute, breaks from 15 to 16 cwts. per hour 
to f inch size. The ores are magnetite and specular 
schist, which have been previously roasted. 

Crushing Itollers are used to a considerable extent 
for breaking iron ores, having the advantage of pro- 
ducing fragments of a tolerably uniform size without 
much dust. It is essential, however, that the material 
operated upon should not be too hard ; they are there- 
fore better adapted for roasted than raw ores. As an 
example of a large ironstone crusher of this form may 
be mentioned that at Eisenerz, in Styria, employed 
for breaking spathic ores after roasting. It has a single 
pair of rolls, 18 inches in diameter and 12 inches wide, 
whose bearings arc carried on spring beams, which 
allow a certain play to the rolls, in case of the resistance 
being increased by the introduction of lumps of raw 
stone by mistake. The rolls, being set to a distance 
of about 1| inches, receive the roasted ore in lumps of 
.from 20 to 30 cubic inches, and deliver it at a 
maximum size of 4 to 6 cubic inches, from IJ to 
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inch cube. When making 36 revolutions per minute, 
the amount passed through per hour is about 40 tons ; 
but increasing the opening to If inches and the number 
of revolutions to 40 or 42, from 60 to 75 tons may be 
broken in the same time, the amount of power expended 
in either case being 19 and 24 horse power respectively. 

Blake’s rock breaker resembles an ordinary pair of 
nut-crackers, supposing one jaw to be fixed to a vertical 
framing, while the opposite one receives a reciprocating 
motion about its hinge. This is effected by means of 
a powerful combination of levers actuated from a 
rotating shaft. The faces of the jaws are corrugated 
into shallow Y-shaped grooves, placed in parallel 
vertical lines. At every revolution of the crank, the 
movable jaw advances about f of an inch toward 
the fixed jaw, and returns. During the latter part of 
the stroke, the stone grasped between the two jaws 
falls into the space provided by the withdrawal of the 
movable one, and receives and is subjected to an in- 
tense grinding pressure at the next bite, and so on 
until it is broken sufficiently small to pass out at the 
bottom. At the Kirkless Hall iron works, near Wigan, 
one of these machines, of 20 inches breadth of face, 
and capable of taking in stones not exceeding 7 
inches in thickness, making from 200 to 250 revolu- 
tions per minute, breaks up red hematite ore and lime- 
stone for the furnaces at the rate of between 10 and 
12 tons per hour. The size of the fragments delivered 
is about IJ-inch cube. A larger machine of the same 
construction, with a top aperture of 20 inches broad 
and 10 inches wide, used entirely for crushing limestone, 
requires 15-horse power to drive it. 

At Wyandotte iron works, near Detroit, and all the 
charcoal furnaces on Lake Superior, the same machine* 
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IS used for breaking the hard red slaty hematite noticed 
at p, 66 as occurring in the Huronian rocks, near 
Jlarquette. This is a very intractable material, as it 
combines both hardness and toughness in a high 
degree. The lower corners of the movable jaw are 
often broken off during the crushing. The crushing 
faces are movable, so that they can be replaced when 
worn out or broken. The greatest durability is ob- 
tained by the use of a metal composed of strong mottled 
iron, with a proportion of Franklinite spiegeleisen, the 
wearing surfaces being strongly chilled. 


CIIArTER VI. 

ROASTING OR CALCINATION OF IRON ORES. 

With the exception of massive red hematite and cer- 
tain varieties of magnetite, it is usual to subject all 
kinds of iron ores to the process of roasting before 
smelting. The advantages gained by this operation 
are of two kinds : the amount of iron is concentrated 
into a smaller weight by the removal of water, carbonic 
acid, and other vohitilc matters ; and, as the fragments 
of mineral retain their form, they arc rendered porous 
and more readily susceptible of being changed in the 
subsequent operations in the furnace. Another object 
is the deconqDosit ion of suljjhides, such as iron pyrites, 
&c., which are altered by heating in an oxidising 
atmosphere to oxides, the whole of the sulphur being 
volatilised if the temperature be sufficiently high. 
Protoxide compounds, such as the protocarbonate of 
iron, absorb oxygen, and are partially peroxidised, with 
the pr^uction of magnetic oxide. The same change 
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takes place in a less degree with magnetite, the hard 
black Swedish varieties, after calcination, occasionally 
presenting an outer red crust of peroxide. This ab-. 
sorption of oxj^gen, though to a certain extent dis- 
advantageous when considered in reference to economy 
of fuel, as peroxide of iron requires a greater quantity 
of carbon for its reduction to the metallic state than 
the protoxide, has an important practical advantage, as 
the higher oxide is almost indifferent in its relations to 
silicas at high temperatures, while the protoxide entei’s 
readily into combination under similar conditions, with 
the production of a highly basic slag, which cun only 
be reduced to the metallic state with difficulty. 

The various iriethods of roasting iron ores may be 
classified under three different heads, namely : — 

1. lloasting in clamps or piles in the open air 

2. Roasting in the open air, the heat being confined 
between walls. 

3. Roasting in furnaces or kilns. 

The first of the above methods is princijjally used in 
localities where fuel is cheap wlien compared with the 
price of labour, but is in many respects disadvantageous, 
on account of the waste of fuel and the imperfect dis- 
tribution of the heat, the interior of the piles often 
being heated to excess, with a partial fusion of the ore, 
when the outer parts have only attainted the proper 
temperature. 

In Staffordshire and South Wales clamps are effected 
in the following manner : — A bed of coal, a few inches 
in thickness, is laid upon a level surface, and covered 
with a layer of ironstone from 10 to 12 inches in 
depth ; this is succeeded by fresh layers of coal and 
stone, till the pile has reached a height of 4 or 5 feet., i 
Th(^ heap is then lighted at the bottom, and continues 
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to burn until the whole of the fuel is consumed. If the 
fire shoidd come to the surface too rapidly, the draught 
must be -checked by damping the spot with small ore 
or ashes, otherwise a jiartial fusion may take place, and 
the lumps of stone become clotted together. About 
cwt. of small, and J cwt. of large coal are consumed 
per ton of ore roasted. The loss of weight is from 
28 to 33 per cent., an amount that is made up of the 
water and carbonic acid driven off, diminished by the 
oxygen taken up in the conversion of the protoxides of 
iron and manganese into magnetic oxides. 

Blackband ironstones usually contain sufficient car- 
bonaceous matter to effect the roasting without any 
additional fuel : a layer of coal slack is, however, 
generally placed at the base of the pile to start the com- 
bustion. In Scotland and Staffordshire the piles are 
usually made of a trapezoidal form, 3 to 9 feet in height. 
The smaller dimensions are to be preferred for the more 
highly carbonaceous ores, in order to avoid the produc- 
tion of too liigh a temperature. The spathic carbona- 
ceous ores, kno>\Ti in South Wales as coal-brasses, appear 
to be peculiarly liable to fusion in calcination, although 
containing neither sulphur nor silica, from the produc- 
tion of a fusible ferrite of magnesia, MgO + Fe'O'^. 

In Westphalia, blackband is roasted in heaps 120 feet 
long, 30 feet broad, and *1 feet high, enclosed between 
walla built up of the larger lumps, small square openings 
being left at intervals of 12 feet along the sides. These 
draught-holes communicate with passages 3 feet deep in 
the interior of the lieaps, which are filled with wood. 
Small ore is heaped against the sides of these passages 
and the larger blocks are placed towards the middle, in 
oVder to guide the flame as much as possible into tho 
heart of#the pile. After the wood has burnt down, and 
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the heap is fully ignited, the wall is pulled down, and 
the debris are thrown upon those places where the fire 
shows a tendency to come to the surface too quicklyj 
in order to damp it. A heap of the above dimensions, 
containing from 500 to 700 tons, takes about a month 
to burn out. 

When pyrites and coaly matter are present in large 
quantities, the heaps are only made 2 feet high, in order 
to prevent fusion in the interior ; in such cases the 
lumps nearest the surface do not become sufficiently 
heated. In order to finish the roasting, therefore, a 
second layer, of 2 feet in thickness, is placed above the 
first as soon as combustion ceases, while the pile is still 
hot ; and, in some cases, a third after the second has 
burnt out, the fire being started in the additions by 
a few pieces of firewood, upon which red-hot masses of 
ore are shovelled. If the roasting does not proceed 
uniformly the hottest places arc checked by damping 
with small ore, while those that are cold and black are 
started afresh by digging a hole in the i)ile, and filling 
it up with red-hot stones from below. The loss of 
weight varies, with the amount of carbonaceous matter 
in the ore, from 25 to 50 per cent. 

Grundmann recommends that the heaps should be 
covered with a coating of small ores when they con- 
tain much pyrites, in order to condense the sulphur 
volatilised without oxidation, in consequence of the re- 
ducing atmosphere produced by the combustion of the 
coaly matter preventing the formation of sulphurous 
acid. The coating is then carefully removed and 
thrown away, unless it be of sufficient value to be used 
as a sulphur ore. The sulphates remaining in the heap 
are removed by long-continued exposure to the air, and 
occasionally watering. Another point to be ffttended 
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to in Bucli cases is to pile the blocks of ore with their 
planes of stratification upright, and not on their na- 
tural bed, as the pyrites contained in these ores is 
usually found interspersed in patches between these 
divisional planes, so that, by placing them on end, the 
escape of sulphur vapours is facilitated. 

The second method of roasting between walls {stadeln) 
difiers but little from that of open heaps or clamps — 
the heap being enclosed by vertical walls, forming 
three sides of a square or rectangular figure, and usually 
having an inclined floor. The height of the walls 
varies, with the nature of the ores, between 6 and 12 
feet; two ranges of draught-holes, of 3 to 4 inches 
square, being pierced through them about 3 feet 
vertical distance apart, the lower series being close to 
the level of the ground. When the enclosed area is 
veiy large, it is necessary, in order to promote regu- 
larity of burning, to build up the large masses of ore 
so as to form a series of air-shal‘ts in the interior of the 
heap, to which the air has access through a system of 
flues in the floor. This method of roasting is not in use 
in this country, but is practised in the Ilarz to some ex- 
tent. The enclosing walls form in reality an imper- 
fectly enclosed kiln, and there is some saving in the 
amount of fuel consumed, as compared with open piles. 
At llsenburg, in the Harz, clay ironstones are roasted 
in this manner, with a consumption of charcoal dust or 
braise to the extent of G or 8 per cent, of the weight of 
the ore. 

Roasting in Furnaces or Kilns. This method is gene- 
rally to be preferred, when economy of fuel is of im- 
portance, as the heat of combustion is more perfectly 
.applied, and a more uniform product is obtained, than 
is the pase with the ruder methods previously noticed. 
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Tlie construction of the kilns used in different districts 
varies considerably, as will be seen by a few de- 
tailed examples following, but the principle of working 
is, in the main, the same everj^where — the ore being 
piled above a thin bed of fuel at the bottom of the kiln- 
shaft, which may be conical, cylindrical, barrel, or 
wedge-shaped in form, and when ignited is covered 
with layers of ore and fuel alternately until the shaft 
is full to the top or throat. The ore roasted by the 
combustion of the fuel at the bottom, where the air has 
access to the kiln, is -withdrawn, and the next layer 
falls, the deficiency being made good by fresh charges 
at the top. In some instances, though not commonly, 
the heat is kept up by fuel burnt on side grates, so that 
only the flame has access to the interior of the kiln. 
Another plan, used to a considerable extent in Sweden, 
consists in the substitution of the waste gas of the 
blast furnace instead of solid fuel. 

Kilns, when of a moderate size, are most conve- 
niently made either of a conical, cylindrical, or any 
similar form presenting circular horizontal sections. 
For larger sizes, however, as it is found difficult to 
maintain a uniform temperature over circular areas of 
great diameter, the ore in the centre is liable to get too 
hot. It is preferable to build them of flattened elliptical 
sections, or rectangular with the comers rounded off. 

At Dowlais, in South Wales, the kilns used are of a 
flattened elliptical plan (rectangular with semicircular 
ends), contracted from 9 feet in width at the top to 
2 feet at the bottom. The length is 20 feet, and the 
height 18 feet. The floor is made of cast-iron plates 
2 inches thick, and the interior is lined with fire- 
bricks, with an exterior casing of rough masonry.^ 
Two arched passages, slightly splayed outwarjis, are 
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left in the lower part of the masonry, on one side 
extending back to the inner fire-brick lining, wdiich 
. is perforated, within the space covered by the arches, 
by four rectangular openings at the fioor level for with- 
drawing the calcined ore, as wxdl as by a numerous 
series of smaller holes above, which serve for tlie admis- 
sion of air. The top edge of the kiln is (!OV('rod 
by a flanged cast-iron ring, which protects the bi’ick- 
work from abrasion by the lumps of stone in filling. 

The method of working is as follows : two or three 
small coal fires having been lighted on the floor of the 
kiln, raw ironstone is placed on the top and around 
them until the whole is covered by a layer about 9 
inches thick ; when this has attained a dull red heat, 
a second layer is added, wdtli about 5 per cent, by 
weight of small coal, and so on, fresh layers of stone 
being added as soon as the preceding charge has been 
heated to redness. When the kiln is completely filled, 
the lowest portion will be sufficiently cold and fit for 
drawing. The capacity of a kiln of the dimensions 
given above is about 70 tons, and will calcine 14G tons 
weekly, so that the average time of burning the charge 
is about three days and a half. The consumption of 
small coal is at the rate of 1 cwt. per ton of oix, 
whereas in calcining in piles or clamps 2 cwt. of 
small and j cwt. of large coal are required to do the 
same amount of work. The average loss of wedght of 
Welsh argillaceous ores, when calcined, is 27 per cent. ; 
of blackbands, from 40 to 60 per cent. ; of red hema- 
tite, about G per cent. ; and of Cornish, Devonshire, and 
similar brown hematites, from 12 to 14 per cent., 
although, under unfavourable circumstances, the latter 
. have been known to lose as much as 26 per cent. 

Gjers’ calcining kiln, now largely employed in the 
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Cleveland district, is represented in transverse vertical 
section in Fig. 1. Unlike the massive kilns used in 
South Wales, the body or shell 
is of fire-brick only 1 5 inches in 
thickness, cased with wrought- 
iron plates in a similar manner 
to that now adopted usually 
in blast furnaces. The dia- 
meter at the top is 18 feet, at 
the boshes, or widest part, 
forming the junction of the 
two cones 20 feet, and at the 
bottom 14 feet. The hori- 
zontal section is everywhere Fig. i.-ojers* calcining kun. 

circular. The bottom of the brickwork rests upon a 
flat cast-iron plate 4 inches thick, which is supported 
by a number of vertical cast-iron columns 27 inches 
high, leaving an open space all round between the 
bottom of the kiln and the floor. The latter is covered 
in with a cast-iron plate 20 feet in diameter and 
inches thick, cast in segments, carrying in the centre 
an upright cone of 8 feet in height and diameter. The 
total height from the foundation-plate to the filling 
gallery at the top is 24 feet, and the capacity 5,500 
cubic feet. The ore remains in the kiln about two 
days and a half, the amount of fuel required being 
about 1 ton of coal slack for every 20 tons of ore. 
The admission of air from the exterior is regulated by 
a series of holes penetrating the brickwork near the 
bottom, and a further supply is introduced into the 
centre by means of a series of radiating flues in the 
brickwork of the foundation and the hollow in the 
overlapping part of the central cone. The roasted ore 
is drawn through the openings between the jjillars, 
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being directed outwards by the slope of the interior 
cone. With larger kilns of similar construction, 34 
.feet high, ihe consumption of fuel is reduced to 1 ton 
per 25 tons of ore. 

In the district of Siegen, the kilns used for roasting 
spathic ores are of cylindro-conical form, the conical 
part being placed with its smaller end downward below 
the cylinder. The average dimensions are: height 
17J feet, diameter at the top 5 ~ feet, diameter at the 
bottom 3^ feet, and interior capacity about 600 cubic 
feet. The bottom of the conical part, which is about 
3 feet above the level of the ground, is closed by a 
grate with bars 3 inches apart. A second grate 
about 2 feet below the first, and parallel to it, is used 
for starting the fire. 

Before charging, a layer of pine charcoal 4 inches 
thick is placed upon the upper grate, which is suc- 
ceeded by alternating layers of ore broken small, and 
fuel of an inferior quality, such as waste charcoal, 
breeze, coke or cinders from puddling furnace fires, or 
coke dust, in the proportion by measure of 40 cubic 
feet of ore to 8 of fuel, until the kiln is filled to the 
throat. A wood fire is then lighted on the lower 
grate, which soon ignites the charcoal on the upper 
one, and after a time, the colce and cinders mixed 
with the lower layers of ore. The fire on the lower 
grate is kept up for three days, the total consumption 
of wood being about IJ cwt., when the ore at the 
bottom is found to be suflSciently roasted, and may be 
withdrawn. This is effected by removing the bars of 
the upper grate, and allowing the ore to fall out. About 
one-fourth of the whole contents of the kiln are drawn 
at a time ; the bars are then replaced, and the kiln is 
filled# with fresh charges, but the measure of fuel is 

g3 
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reduced to one-lialf of that used at first. The next draw- 
ing takes place twenty-four hours later, and so on for 
several weeks in succession : one-quarter of the contents 
may be withdrawn daily. The average time of roasting 
the charge is, therefore, about four days. 

The admission of air is regulated by draught-holes, 
with sliding registers placed above the upper grate. 

The construction of a mine kiln using the waste 
gases of the blast furnace instead of solid fuel is 
shown in vertical section. Fig. 2, which represents one 



Fi^;. 2. — S\rcdish gas calcining kiln. 


erected at Siifvenas, in Lapland. It consists of a nearlv 
cylindrical shaft 18 J feet high, increasing in diameter 
from 5 feet at the top to 7 feet at the bottom, made up 
of three concentric casings, or walls of brickwork. The 
innermost wall or lining is formed of fire-brick, ^d is 
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carried upon a cast-iron ring, a ; tlio second and third 
are of common, hric.ks, and divided by a layer of sand. 
The outer wall, about 2 feet in thickness, is perfo- 
rated by numerous horizontal channels for the escape 
of moisture, and is further bound together by hoops of 
wrought iron. The plan of the base is cylindrical, 
perforated by five radial passages slightly splayed out- 
wards, through which the roasted ore is withdrawn, the 
sides of these passages, as well as the bottom of the 
kiln, being protected by cast-iron linings. The gas 
coming from the blast furnace by the wroiight-iron 
tube, b, passes into the cast-iron circular main, c, which 
is provided with ten jets placed at equal distances apart 
from the base. ' The necessary amount of air for com- 
bustion is admitted through the apertures, e, the sup])ly 
being regulated by a sliding plate covering the mouth 
of the jet. Higher up is placed a second series of holes, 
/, through which bars may be introduced for break- 
ing up lumps in the event of the charge clotting to- 
gether from overheating. The ores are hard magnet- 
ite, and schistose or micaceous hematite mixed with 
quartz : they pass through, without undergoing any 
very great change, being mainly rendered friable, 
without alteration in the state of oxidisation of the 
iron ; but iron pyrites, when present, is almost com- 
pletely decomposed. 

From 20 to 30 tons of ore are roasted daily, the only 
fuel employed being a portion of the waste gases of a 
small chai*cool blast furnace. 

At Sdderfors a kiln has been recently built on the 
above principles, with the addition of a conical 
chimney with a damper, for more perfectly regulating 
the draught. In order to prevent fusion of the ore, 
air, a^ a pressure of J to ^ inch of water, is intro- 
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duced through a hollow ring at the base of the shaft, 
provided with 24 small twyers, the supply being 
taken from the engine that blows the blast furnace. 
The dimensions are somewhat larger than those given 
in the preceding example, the shaft being 21 feet high, 
9 feet in diameter at the base, and 5f feet at the throat ; 
the chimney is 28 feet high. The daily production is 
from 35 to 50 tons. 

In roasting spathic ores containing iron pyrites it is 
necessary to provide as much as possible for the free 
access of air in order to oxidise the sulphur which is 
partly volatilised as sulphurous acid, the remainder 
forming sulphate of protoxide of iron. Fig. 3 repre- 
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and 9 feet internal diameter, placed one above another. 
The bottom one is 2 feet wide, and is supported by eight 
piers of brickwork 12 inches square, and 20 inches 
high. The succeeding ones, eleven in number, are only 
1 foot broad, and are kept at a uniform distance of 7 
inches apart by piers similarly placed, formed of two 
bricks each. In the centre of the enclosed space is 
placed a cylindrical brick chimney 2 feet in diameter, 
having six holes of 3 inches square for regulating the 
draught in each course ; these holes are made by 
leaving out alternate bricks in the manner usual in 
Staffordshire coke heaps. The top of the chimney is 
covered with a cast-iron plate, carrying a vertical cast- 
iron pipe for increasing the draught ; at the bottom it 
is in communication with the external air by a rect- 
angular flue 2 feet broad and 18 inches deep. A cast- 
iron water-pipe, provided with numerous small jets, 
surrounds the kiln at the level of the lower ring. 

The charging is effected in the following manner : 
a bed of split wood, placed radially on the ground, is 
covered with a layer of charcoal dust amounting to four 
tubs of 7f cubic feet each. Upon this comes the first 
layer of ore, containing 45 barrows of 160 to 180 lbs. 
each, and so on in alternate layers in the same propor- 
tion, till the kiln is filled to the level of the top ring. 
The wood is lighted all round between the lower pillars. 
As soon as the fire has burnt through to the top, the 
drawing of the bottom layer may be proceeded with : 
this is usually done at intervals of from sixteen to twenty- 
four hours. About 6 tons of ore may be drawn daily ; 
the loss of weight is about 20 per cent. 

In order to remove the sulphates, the calcined ore is 
• quenched with water from the main. The large lumps 
are broken, and it is then exposed to the action of the 
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air in heaps about 2 feet high, which are repeatedly 
turned and watered, until all the soluble salts are 
washed out. 

Experiments made with ores treated in this manner, 
after eight days’ exposure to the air, proved that the 
sulphur had been sufficiently removed for the pro- 
duction of iron in the furnace. Formerly, from five to six . 
years’ exposure after roasting was required to obtain the 
same result, which necessitated keeping quantities of 
about 100,000 tons of ore under treatment, in order to 
supply the four furnaces in blast. 

The desulphurisation of pyritic ores may also bo 
effected by the action of steam at a red heat. This 
method was adopted in Finland, by Nordenskjold, in 
1843, and has subsequently been used in Silesia and 
Westphalia. In the latter district it is applied to the 
roasting of blackband containing from 1 to 3 per cent, 
of sulphur. The kiln, which is somewhat similar in 
form to Fig. 2, is 25 feet high, 6 feet in diameter at 
the throat, with a conical shaft increasing to 9 feet 
at 19 feet below the mouth : the remaining height of 
6 feet is cylindrical. Kear the bottom is introduced a 
WTOught-iron pipe 2 inches in diameter, and termi- 
nating in a conical jet or rose, perforated with nume- 
rous small holes. The charging takes place in the 
usual way, upon a bed of kindling wood : no coal is 
used, as the ore is sufficiently carbonaceous not only to 
calcine itself, but also a further quantity of magnetic 
ore smelted at the same place. As soon as the contents 
of the kiln are red hot, superheated steam at 30 lbs. 
pressure is admitted through the conical jet-pipe for a 
few minutes at a time, at intervals of half an hour, 
which, acting on the pyrites, gives rise to sulphuretted - 
hydrogen and peroxide of iron. In order tl^t the 
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Bulpliides may not be re-formed in tbe upper part of 
the shaft, it is necessary to admit air freely, so that 
.the sulphuretted hydrogen may be resolved into water 
and sulphurous acid. By this means the whole of the 
sulphur is almost entirely removed. In a kiln of this 
kind, 12J tons of magnetic ore and 3f tons of black- 
band are calcined daily. 


CHAPTER VTI. 

OF THE FLUXES USED IN IRON-SMELTING. 

The general principles upon which the employment of 
fluxes is based have already been alluded to in describ- 
ing the method of assaying by the dry way. In 
practice very few ores are found to contain earthy in- 
gredients in proportions sufficient to form readily fusible 
slags alone, and it therefore becomes necessary to 
supply tlie deficiency. This may be done either by 
mixing ores of dissimilar composition, as, for instance, 
siliceous with calcareous hematites, or both with argil- 
laceous ores in such quantities as shall yield slags of 
the desired composition, or by the addition of calcareous 
or aluminous minerals not containing iron. The first 
of the above methods is undoubtedly to be preferred to 
the other, as by it we are enabled to form the slag 
without unnecessarily reducing the percentage of iron 
in the charge or burden taken as a whole, whereas the 
addition of fluxes increases the weight of material to 
be passed through the furnaces for the same produce of 
metal, but it can only be carried out in districts having 
H large and varied command of minerals. As a rule, 
theref^e, a combination of both methods is used, the 
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best mixture of ores obtainable being supplemented by 
the addition of earthy minerals. 

The principal flux employed by the iron smelter is 
carbonate of lime, in the form of limestone, which is 
usually obtained from a neighbouring quarry. The 
best varieties are those containing the largest amount 
of carbonate of lime, but alumina and iron may be 
present advantageously. In the latter case limestones 
often pass insensibly into calcareous hematite or 
magnetite, which form excellent mixtures with more 
siKceous ores of the same class. Very fossiliferous 
limestones often contain notable amounts of phosphoric 
acid and iron pyrites, and are to be avoided. Dolomitic 
or magnesian limestones are less generally useful than 
more purely calcareous varieties, as the fusibility of 
slags is diminished by the addition of magnesia beyond 
very moderate quantities. 

Rich iron ores occurring in crystalline rocks, such 
as those of Sweden, Norway, and North America, are 
often accompanied by limestones containing silicates 
of lime and magnesia of a low degree of silication, 
such as pyroxene, hornblende, garnet, idocrase, chlorite, 
all which may be regarded as ready- formed slags. The 
use of these substances as fluxes is usually attended 
with a great economy of fuel. Such ores are known 
in Sweden as sclf-gaejende, i.e. self- going or self-fluxing. 
A somewhat similar efiect may be obtained by the use 
of blast-furnace slag a second time, if it be sufficiently 
basic to carry an extra dose of silica ; but this is rarely 
done except under pressure of adverse circumstances. 
Percy relates a case of this kind as having occurred in 
South Wales, where slags were used a second time 
without injuring the quality of the iron produced, 
when the supply of limestone was temporarily (^ut ofl*. 
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The following table shows the average composition 
of some of the commoner varieties of limestone used 
by iron masters in England and Wales : — 


Analyses of Limestones used in English Iron Works. 



I. 

II. 

m. 

IV. 

V. 

Carbonate of lime . 

97*31 

95*26 

97*54 

89*36 

96*15 

Carbonate of magnesia . 
Carbonate of protoxide of 

1-00 

2*21 

0-90 

0*97 

1*32 

iron .... 
Alumina and peroxide ) 

0*62 

— 

— 

3-38 

— 

of iron . . . > 

Silica . . . ) 

1*27 

2*98 

1*35 

600 

3*20 

Organic matter 

0*20 

— 

— 

— 

— 

Water .... 

— 

— 

— 

0*43 

— 


100*40 

100*45 1 

1 99*79 

,100*14 

100*67 


No. I. Silurian limestone, Dudley. Deed in South Staffordshire. 

„ II. Carboniferous limestone, Harmby, Durham. Used in Cleve- 
land. 

„ III. Permian limestone, Raisby Hill, Durham. ITsed in Cleveland. 

„ IV. Oolitic limestone, Wellingborough. Used in Northampton- 
shire. 

„ V. Chalk, after deducting 21 per cent, of water. Used in 
Cleveland. 

In the Lancashire and Cumberland hematite district, 
where the rich red ores of Ulverstone and Whitehaven 
are smelted alone, argillaceous fluxes are necessary in 
addition to limestone. For this purpose the shale of 
the coal measures is generally added; but latterly a 
peculiar variety of brown hematite, remarkable for 
containing a large quantity of free alumina, has come 
into use in these districts, and also in South Wales. 
This substance is known as “Belfast Aluminous Ore.*' 
A somewhat similar mineral, called Bauxite, found at 
Baux, in the south of France, is now used to a con- 
siderable extent as an ore of aluminium. 
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Anat.yses of Atatminous Ores attd Fluxes. 



I. 

IT. 

m. 

IV. 

Silica 

Gl-91 

9-75 

9-87 

2-8 

Alumina .... 

21-73 

27 ‘95 

34-67 

67-4 

Peroxide of iron . 




27-93 

26-5 

Protoxide of iron 

4-73 

G-57 

508 

— 

Lime ..... 

0-09 

O-GO 

0-91 

0-2 

Magnesia .... 

0-59 

0-2() 

0-C2 

— 

Potiish .... 

31G 

0-49 

— 

— 

Soda 

0*25 

— 

— 

— 

Titanic acid . . . , 

— 

1 

3-61 

3-1 

Volatile 

7-43 

18-GO 

19-3G 

11-0 


99-89 

100-12 

101-85 

100-0 


No. I. Cojil measure shale from the neighbourhood of Maiiehester. 

Frankland. 

„ JI. Uelfast aluminous ore. Tookoy. 

„ HI. Another sample of the same ore. 

„ IV. Bauxite, from Baux, in the south of Prance. Bell. 

Caustic lime is sometimes used instead of limestone, 
and produces a certain economy of fuel, as the local 
cooling, owing to the absorption of heat in the blast 
furnace consequent on the expulsion of the carbonic acid, 
is done away with. Comparative experiments on this 
point have been made at Ougree, in IJclgium, and 
Konigshiitte, in Silesia. In the former case, 26 per 
cent, of lime replaced 40 of limestone, and the pro- 
duction of metal was increased 2*3 per cent., with a 
saving of 1-6 per cent, of coke. In the letter the 
saving was 2*85 per cent., and the increase of produc- 
tion 3*1 per cent. It is of course necessary to use the 
lime as soon as possible after burning, in order to 
prevent it taking up moisture from the air. 

Forge and Mill Cinders, It will be convenient to 
notice these substances, which play a very important 
part in the economy of modern iron works, before 
leaving the subject of iron ores, although, strictly 
speaking, they cannot be classified with them, Uut are 
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rather to be cousidered as waste products, which are 
produced and regularly economised on a very large 
scale. When melted pig iron is exposed to the oxidising 
action of the air, its combined silicon is oxidised, with 
the formation of tribasic silicate of protoxide of iron, 
which is very fusible, and is capable of taking up a 
further amount of iron, probably in the form of 
magnetic oxide. The same thing takes place when 
wrought iron is heated in contact with silica, at a 
welding temperature. It will subsequently be shown 
that the slags or cinders produced in the various opera- 
tions of refining, puddling, and reheating, performed 
in the conversion of cast into malleable iron, are of this 
composition. The amount of iron contained varies 
from 40 to 75 per cent., and in this respect cinders 
might be considered as equal to the richest iron ores, 
were it not that practically Ihe whole amount of 
phosphorus coni-ained in the pig iron operated upon is 
also taken up, as well as more or less sulphur, so that 
in reality their use in the blast furnace tends to de- 
teriorate the quality of the metal produced, when 
entering into the charge beyond a certain proportion. 

The chief reason, however, for the deterioration is 
to be found in the ready fusibility and comparatively 
diflScult reducibility of the cinders, which, when added 
t.o the charge in the blast furnace, are apt to melt and 
mn down into the hotter part of the furnace above 
ihe hearth, where the reduction of iron and silicon 
takes place simultaneously. Only a portion of the 
silicate, however, is so reduced : the remainder, passing 
into the blast-furnace slag, produces the so-called black 
or scouring cinder, which not only acts injuriously 
upon the siliceous matters of the hearth, but prevents 
the foijpiation of cast iron at a maximum of carbonisa- 
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tion. The result is therefore an inferior description of 
white iron, usually known as cinder pig, together with 
the loss of a considerable quantity of iron in the slag, 
which sometimes contains nearly 20 per cent, of prot- 
oxide of iron. 

The purest class of cinders are those from the re- 
heating or welding furnace, being freer from sulphur^ 
and phosphorus than those obtained in puddling. 
Various methods have been suggested for overcoming 
the difficulties attendant on the smelting of cinders, 
such as subjecting them to a preliminary calcination, 
or combining them with lime and small coal in order 
to effect the reduction at a lower temperature. Of 
these methods only the former has been generally 
adopted. When silicate of protoxide of iron is roasted, 
either in heaps or kilns, with a free access of air it is 
decomposed, with a separation of silica : the protoxide of 
iron, absorbing oxygen, passes into the state of peroxide, 
or magnetic oxide, producing a very refractory sub- 
stance, which is employed, under the name of “ bull- 
dog, for lining the hearths of puddling furnaces. Its 
infusibility is due to the fact that silica and peroxide of 
iron are both inlusible, and do not combine together 
when exposed to a high temperature in an oxidising 
atmosphere. . When the bulldog is produced from 
puddling-furnace cinders containing phosphorus in 
quantity a partial liquation takes place, and a fusible 
slag, known as hnUdog slag, separates, carrying down 
with it a considerable portion of the phosphorus. 
Sulphur, when present, is almost entirely removc'd 
during the roasting, being converted into sulphate of 
iron, which forms a crust over the outer surface of the 
heap, and may be washed out with water, or decom-^ 
posed by further heating. It will readily be seen 
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that when the iron is peroxidised it is in a much more 
favourable condition for treatment in the blast furnace, 
and the cinders may then be regarded as equivalent to a 
siliceous hematite. 

In Lang’s method of preparing puddling and other 
forge cinders for the smelting furnace they are finely 
j^powdered, and mixed with milk of lime and coal shick, 
or charcoal dust, into a paste, which, when dry, forms 
a hard mass, and may be broken into lumps, having 
sufficient coherence to stand the pressure of the blast 
furnace without crushing. At Stor^, in Camiola, 
where this process was introduced in 1861, sixty- 
six parts of reheating furnace cinder, mixed with 22 
parts of lime and 12 parts of charcoal dust, were 
smelted in a cupola without any addition of ore, and 
produced mottled pig iron of good quality. Several 
analyses of pig iron so produced have been published, 
but the composition of the cinder operated upon is not 
given, 

A somewhat similar process has been proposed by 
Minary and Soudry. The cinder, in a finely-divided 
state, is mixed with caking coal slack, and converted 
into coke in the ordinary way. According to the state- 
ments of the inventors, the protoxide of iron in the 
cinder is said to be reduced to the metallic state by the 
gases given off during the coking, at a temperature 
sufficiently low to be without effect upon the silica ; at 
the same time both phosphorus and sulphur arc 
eliminated as phosphuretted and sulphuretted hydrogen. 
The coke produced is intended to be used in the blast 
furnace for smelting ores. In order to obtain it 
sufficiently coherent, it is necessary to keep the mixture 
•of slack and cinders with certain proportions. The 
best Jesuits were obtained at Givors, with 40 of the 
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latter to 60 of the former, which gave a coke containing 
from 20 to 25 per cent, of metallic iron ; but the propor- 
tions might be reversed without consuming any of tho 
fixed carbon of the fuel in the reduction, which is effected 
entirely by the volatile products. The removal of the 
un combined silica must, of course, be provided for by 
the addition of a proportionate quantity of limestone, 
over and above that required by the ore in the blast 
furnace. 

The above statements are, to a certain extent, in 
opposition to the results obtained by Percy and 
Richardson, w^ho found that the tribasic silicate of 
protoxide of iron could not be entirely reduced to the 
metallic state when heated with an excess of carbon, two 
atoms only of the protoxide being separated, leaving 
behind a monobasic silicate (FcO. SiO^.), which resisted 
further change. This result can only be obtained with 
chemically pure tribasic silicate, such as is prepared by 
fusing pure peroxide of iron with quartz sand, whereas 
the cinders produced in puddling or heating fui-naces, 
always contain a sufficient proportion of earthy bases 
to allow the last atom of iron to be set free. 

The addition of fluxes in the blast furnace is regu- 
lated by several considerations. When the ores are of 
good quality, tho chief point to be considered, is the 
production of the most fusible slag with the smallest 
addition of iion-ferriferous matters ; this is more espe- 
cially the case with charcoal furnaces. W^hen mineral 
fuel is used, however, it is necessary to form a slag 
that is capable of absorbing sulphur, which would 
otherwise be taken up by the iron, and for this purpose, 
a larger quantity of flux is used than that indicated 
by theory as giving the most fusible product. 

The fusibility of silicates depends chiefly upoA their 
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composition, and, according to Plattner, increases with 
the increase of silica : thus for the same base the mono- 
basic (E,0. SiO^) and sesquibasic (3 RO. 2 SiO^) forms 
are more fusible than the tribasic, containing 3 RO. SiO^, 
or the subsilicate, 6 RO. SiO'**. For the same compo- 
sition, silicates containing one base are less fusible than 
those containing two or more. The following is the 
observed order of fusibility in the simple silicates : — 


Silicate of Alumina .... 

,, Magnesia .... 

,, baryta 

,, Lime 

,, Protoxide of Iron 

„ ,, Manganese 


melts at 2,400° C. 

„ 2,200® — 2,250° 

„ 2 , 100 ° — 2 , 200 ® 

„ 2,100° — 2,150® 

|. „ 1 , 789 °— 1 , 832 “ 


Of double silicates of similar atomic composition, 
those containing both protoxide and sesquioxide bases 
arc more fusible than those having both bases of the pro- 
toxide type, the order of fusibility being as follows : — 

Silicate of Baryta and LiiiKJ melts at 2,100° C. 

,, ,, ,, Alumina ,, 2,050° 

,, Lime ,, Magnesia ,, 2,000° 

,, ,, „ Alumina ,, 1,918° — 1,950° 


The most fusible of the triple silicates likely to be 
produced in iron-smelting are those containing alumina, 
lime, and protoxide of iron, or manganese. Silicates of 
potash and soda, or of protoxide of lead, are among the 
most fusible ; but with these we are not at present con- 
cerned. 

The slags of blast furnaces may bo regarded as 
silicates, whose composition ranges between the follow- 
ing limits : — 

1. 3 CaO. 2 810=* + AlW 2 SiO» ; and 
<1. 3 CuO. SiO* + APU^ SiO\ 
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Those of charcoal furnaces are mixtures in indefinite 
proportions of both silicates, while thosQ produced with 
coke or coal are more basic, and approach more nearly 
in composition to No. II. 

In the first of the above formulae the oxygen of 
the silica is double that of the bases taken together, 
corresponding to the composition 3 HO. 2 SiO®, or that 
of augite ; while in the second both bases and silica 
contain equal amounts of oxygen, giving the formula 
3 HO. SiO^, or that of olivine. 

As a portion of the lime may be, and usually is, 
replaced by other protoxide bases, and also alumina 
may be partially substituted for silica, it is evident 
that these general expressions may be made to include 
substances differing widely in qualitative composition. 
The following are the maximum and minimum limits 
of the chief constituents of blast-furnace slags derived 


from the examination of a 

large 

number of 

analyses : — 


Min. 

Max. 


Silica .... 

20 . 

. 72 per cent. 

Alumina 

0 . 

. 30 

If 

Lime .... 

0 . 

. 60 

n 

Protoxide of iron 

0 . 

. 26 

ff 

,, manganese 

0 . 

. 34 

>1 

Magnesia . 

0 . 

. 34 


Baryta 

0 . 

. 8-2 

ff 

Soda .... 

0 . 

. 11*3 

ff 

Potash 

0 . 

. 4-3 

ff 

liodemann gives the following formula for the most 


fusible silicate of lime and alumina : — 

4 (3 CaO. 2 SiO^) 4- 3 (APO^ 2 SiO^), containing, per cent., 
Silica, 66; Lime, 30; Alumina, 14. 

The following are a few examples of slags produced 
under different conditions of working. The comnosi- 
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tion of the slags from furnaces in different localitiei^ 
and under dissimilar conditions of working, is illustrated 
in the following table, as far as it can be done with 
such a small number of examples : — 

Analyses of Blast Furnace Slags. 



L 

ir. 

III. 

IV. 

V. 

VI. 

vn. 

Silica 

38-48 

43 07 

31-46 

27-68 

42-96 

61-06 

40-95 

Alumina . 

15-13 

14-85 

8-50 

22-28 

20-20 

5-38 

mSml 

Lime 

32-82 

28-92 

52-00 

40-12 

10-19 

19-81 

30-36 

Protoxide of 

iron 

0-76 

2-53 

0-79 

0-80 

19-80 

3-29 

m 

Protoxide of 

manganese . 

1-62 

1-37 

2-38 

0-20 

1-53 

2-63 

2-181 

Magnesia . 

7-44 

5-87 

1-38 

1 7-27 

2-90 

7-12 

16-32 

Sulphide of cal- 
cium 

2-22 

1-90 

2-96 


1-32 


Sulphur. 

0-34 

Alkalies . 

1-92 

1-84 

— 



1-10 

— 

0-32 

Phosphoric acid 

.0-15 

— 

— 

— 

— 

— 

0-10 


100o4 100-35 

1 

99-47 

100-35 

100-00 

99-29 

99-87 


F'tom Dowlais, produced when making grey iron. Riley. 

,, „ ]»rodueed with white irou. Riley. 

„ Kirkloss Hall, Wigan, produced with grey Bessemer 
iron, disintegrates in the air. 

„ Clarence, Durham, from Cleveland ores. Bell. 

„ Cwn Cel}Ti, fcJouth Wales, scouiing cinder. Noad. 

„ Gosherg, Sweden. Sjogren. 

„ Neubcrg, Styria, produced with grey iron. Kiippel- 
wieser. 

It occasionally, but rarely, happens in the smelting of 
spathic ores, that slags are produced entirely free from 
lime. Tho following are examples of this kind : — 


No. 


I. 

II. 

HI. 


IV. 

V. 

VI. 

Vll. 



L 

ir. 

III. 

Silica 

49o7 

48-39 

37*80 

Alumina ...... 

9-00 

6 -66 

2-10 

Protoxide of iron .... 

0 04 

0-06 

21-50 

Protoxide of manganese 

25 84 1 

33-96 

29-20 

Magnesia 

15-15 

10-22 

8-60 

Sulphur 

0-08 

0-08 

0-02 


il 














146 


METALLURGY OF IROX. 


Ko. I. From Siegen, produced with grey iron. Karsten. 

,1 II. „ ft ^ „ j, s])iegcleisen. Karsten. 

„ in. „ Styria, ,, „ white iron. Von Mayrhofer. 

When the fusibility of a slag is reduced, by the 
addition of lime in excess, the iron will be highly 
carburetted, and the greater amount of sulphur will be 
taken up by the slag in the form of sulphide of cal- 
cium. Other things being equal, the iron will be grey 
if the slag is refractory, and white if it is very fusible. 
The reason of this is apparent when wc consider that 
the iron may be reduced and carburetted, but cannot 
separate from the earthy matters till these have melted 
into slag ; if, therefore, the latter are verj^ fusible, the 
metal which melts at a still lower temperature runs 
together, or falls through the region of the boshes 
and hearth, where the temperature is highest, without 
being exposed for any length of time to the energetic 
reducing agencies prevailing at and near the interior. 
If, on the other hand, the finely-divided particles of 
metal are kept from coalescing by the more refractory 
character of the slag, it will be subjected to a long- 
continued heating in a region favourable to the accu- 
mulation of carbon and silicon in the highest degree, 
and it is to the presence of the latter element that the 
grey ness of pig iron is in part, at least, due. 

The power of taking up sulphur is also imparted to 
dags by protoxide of manganese, as well as lime, — a 
property that receives an important application in 
the manufacture of spicgelcisen from manganesiferous 
spathic ores. 

Protoxide of iron increases the fusibility of slags, 
communicating at the same time a dark green or black 
colour, as is seen in the so-called scouring in black 
cinders which are produced when a furnace is jvorking 
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with a heavy burden, or increased charges of ore and 
fluxes in proportion to the fuel. 

These slags are accompanied by the production of 
white iron, from the reduction of a portion of the 
protoxide of iron in the molten silicate when brought 
into contact with the bath of cast iron in the hearth, at 
the expense of the carbon in the molten metal. With 
silicate of protoxide of manganese, however, this re- 
action does not take place, owing to the very high 
temperature required for the reduction of protoxide 
of manganese to the metallic state. 

The physical character of slags, such as colour, 
texture, fluidity, &c., varies wWi their composition and 
the working condition of the furnace, so that it is not 
possible from inspection alone to determine the charac- 
ter of the metal produced, except after considerable 
experience of the individual furnace ; and the relation 
between slag and metal in one district may be totally 
diflerent in another. De Yathaire makes the following 
general observations on this point, which, of course, 
must be taken as applicable only within wide limits : — 

Slags produced from furnaces working hot — Le, with 
light burden — ^when the reducing power is at a maxi- 
jaura, and grey iron is made, arc usually white or 
grey. Owing to the total amount of iron being re- 
duced, in the special case of the ores containing man- 
ganese, an amethystine tint is often observed under 
these conditions, especially in charcoal furnaces smelt- 
ing hematite or non-aluminous ores. 

Black slags, on the other hand, correspond to heavy 
burden, and a comparatively reduced temperature, when 
the furnace is said to be working cold, or with less fuel 
oa compared wuth the weight of the charge smelted. 

The witreous character and fluidity of slags increase 
II 2 
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ill proportion to tKe amount of silica. A porcelanic or 
opalescent character is generally indicative of a con- 
siderable amount of alumina. Those produced in the. 
smelting of coal-measure clay ironstones are often of 
this character, showing an alternation of light yellowish 
and dark green or blue bands and stripes. Slow cool- 
ing has a tendency to produce devitrification or crystal- 
lisation, so that it often happens that the same slag forms 
a perfect glass when suddenly solidified, but becomes 
opaque or poiphyritic, with distinct crystals interspersed 
through a vitreous base, when cooled very gradually. 

When slags containing sulphides of calcium, barium, 
and manganese, such as are commonly produced when 
sulphur is present in the fuel, arc allow^ed to flow 
over damp ground, in smelting wdth coke, steam is 
forced through the molten mass, which, in its passage, is 
decomposed by the sulphides and poly sulphides, with 
the production of sulphuretted hydrogen. This in its 
turn burns on coming in contact wdlh the air, gi^^ng 
rise to sulphurous acid gas. If, however, water be 
thrown upon the surface of the slag, the sulphuretted 
hydrogen evolved is prevented from igniting, escapes 
unaltered, and may be recognised by its unpleasant 
odour. The reactions are as follows, according to 
whether a neutral or poly- sulphide of calcium be 
present : — 

CaS + HO = cv) + irs. 

CaS« + 3 HO = CaO + SO* -t- S 3 IIS + S. 

In the latter case the decomposition is more complex, 
being attended with the formation of sulphurous acid, 
sulphuretted hydrogen, and free sulphur. Under 
ordinary conditions, however, the two latter products 
would unite and bum to sulphurous acid. Thisiis pro- 
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• 

bably the cause of the strong odour of this gas usually 
produced by the slags escajiing from a coke furnace 
working very hot. 

When lime is present in largo quantity, the fracture of 
the slag is usually of a dull stony character. Those of the 
Cleveland and Lancashire hematite furnaces are of this 
kind. A very large excess of this base causes the slag 
to fall to pieces when exposed to a moist atmosphere 
after cooling, in the same way as caustic lime, forming 
a powder which may be employed in making cement 
or mortar for building purposes. 

In many of the small iron works of Germany the 
slags are subjected to the processes of stamping and 
washing, in order to recover any entangled shots of 
saetal, which are afterwards returned to the furnace. 

As a general rule, steady and continuous flowing, a 
somewhat viscid fluidity, and a slow passage from the 
liquid to the solid state, are characteristic of the slags 
produced from furnaces working hot. Scouring slags, 
on the other hand, rim as liquid as water, but solidify 
in crusts rapidly, without passing through the plastic 
state. 

Slags produced from manganesiferous hematites are 
of the usual manganese, violet, or amethyst ic tint in 
the vitreous portions, but when blown up by gases, the 
colour disappears, with the production of a pearly- 
white pumicc-like body. When the same furnaces are 
burdened for white iron the slags become dark green, 
and of an almost pasty consistency. 

In addition to the colours produced by metallic 
oxides, such as bottle-green or black by protoxide of 
iron, violet by protoxide of manganese, yellow or 
.brownish green by protosulphide of manganese, 
others^ especially shades of blue, are common in slags ; 
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but it is not clearly made out what the colouring agent 
is in such cases. Thus a bright sky-blue tint, often 
seen in Swedish slags, has been variously attributed to 
vanadium, titanium, and sulphide of sodium (ultra- 
marine), Silicate of zinc is also stated to produce 
green and blue tints. 


CHAPTER YIII. 

OF THE BLAST FURNACE AND ITS ACCESSORIES. 

It has already been stated that in the early days of 
iron-smelting the only merchantable product was bar 
or malleable iron obtained directly from the ore ; cast 
iron being a subsequent discovery, consequent upon the 
employment of larger furnaces and higher tempera- 
tures in the treatment of more refractory minerals. In 
process of time, it was found that the production of cast 
or pig metal, as an intermediate stage in the manufac- 
ture of malleable iron, was attended with advantages 
not possessed by the older method, so that at present it 
is followed exclusively ; the latter being confined almost 
entirely to a small and constantly diminishing area in 
Europe, besides being more extensively practised in 
Africa and India. 

The subject, therefore, naturally divides itself into 
two main heads : — 

I. Direct method, or extraction of malleable iron 
from the ore, and 

II. Indirect method, or production of pig iron from 
the ore, and subsequent conversion into malleable iron 
by some form of finery process. 

The difference between the two processes is mainly 
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due to the height of the furnace. In the direct method, 
where a low charcoal hearth or forge is used, a portion 
of the ore is reduced to the metallic state at a com- 
paratively low temperature, w^hile another part combines 
as protoxide with any silica that may be present, form- 
ing a highly fusible and basic slag, into which the 
reduced spongy mass sinks, any excess of carbon taken 
up being removed by the oxidising agency of the slag, 
aided by the blast which is introduced through an in- 
<ilined nozzle or twycr, so as to impinge directly upop 
the metallic bath. 

On the other hand, the fuimace used for the produc 
tion of cast iron is mainly distinguished by its height, 
and may be described in general terms as a conical 
hearth, whose walls are continued upw^ards into a 
chimney or stack of increasing but variable section; 
the blast-nozzle being laid horizontally instead of in 
an inclined position. The height of the upper portion, 
i,€, above the twycr level, may be from ten to twenty 
times as great as that below, or hearth proper. When 
the furnace is at work, or, as it is technically termed, 
in blast, it is kept filled to the top or throat with alter- 
nate layers of fuel, ore, and flux, the latter being mixed 
^ proper proportions to produce the most fusible com- 
binations of the earthy matters, a constant stream of 
air being maintained through the twyers, at a sufficient 
pressure to pass freely through the contents of the 
furnace. Part of the incandescent fuel subjected to the 
blast is completely consumed, burning to carbonic acid 
with a development of the intiximum of heat, whereby 
the matters immediately adjacent are melted, and fall 
into the hearth, where they separate by liquation into 
•metal and slag; the latter, being specifically lighter, 
rises ^ the surface, and protects the former from the 
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decarburising action of the blast. The carbonic acid 
formed in the first instance, encountering fresh fuel, is 
reduced to the state of carbonic oxide, a process that is 
attended with a great absorption of heat, so that the 
region in which a temperature sufficiently high for the 
fusion of metal and slag prevails does not extend more 
than a very short distance from the point of intro- 
duction of the air. The carbonic oxide so produced, 
and the unaltered nitrogen of the air, when brought in 
contact with an oxide of iron at a red heat, is again 
oxidised to carbonic acid, with the simultaneous pro- 
duction of metallic iron, which becomes carburetted by 
further contact with carbonaceous matters in its descent 
towards the hearth. 

The alternate production of carbonic acid and carbonic 
oxide, by the reciprocal action of carbon and oxides of 
iron upon the gases, is continued in the upper part of 
the fiirnace as long as the temperature remains suffi- 
ciently high, the quantity of the former gas being 
augmented by the decomposition of the limestone flux 
generally used. Ultimately, however, a sufficient 
amount of carbonic oxide remains in the so-called 
waste gases, either to form a great body of flame at 
the throat of the furnace when the current is allowed 
to flow freely into the air, or a valuable fuel, yielding 
sufficient heat for all the accessory operations of the 
furnace, when collected and utilised. 

The shaft of the blast furnace may, therefore, be 
considered as combining within itself, and performing 
the functions of, several distinct furnaces; thus the 
hearth is devoted entirely to fusion, while the middle 
region is essentially a concentration chamber, and the 
top parts, when raw fuel and flux are used, combine 
the functions of a limekiln with those of a coke oven. 
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Taken as a whole, therefore, the reactions in the 
manufacture of pig iron are more complex than those 
■ of the open-fire process of making malleable iron 
direct from the ore ; but, as the latter is only one out 
of many methods by which the same product is 
obtained, it will be more convenient to defer its 
consideration, and commence with a description of the 
former. 

Of Blast Furnaces. In its original, or what may be 
considered typical form, the blast furnace consists of a 
shaft or chamber formed of two truncated cones, joined 
by their bases. The upper and more acute of the two 
cones, is placed upright, and is known as the stacks 
while the lower and more obtuse one is inverted : the 
line of junction forming the widest part of the furnace is 
called the boshes, possibly a corruption of the German 
baueh. Sometimes the lower cone is continued down 
to the level of the ground, but more generally the lower 
part of the furnace is enlarged, forming what is known 
as the hearth, in which the molten materials collect 
below the level of the twyers or pipes through which 
the blast is introduced. 

In France, the space between the twyers and the 
"broadest part, or top, of the boshes is known as the 
laboratory or working place {outrage). 

The top, or throat, of the furnace is surrounded by a 
platform for the convenience of charging, and is in 
many cases covered by a short cylindrical chimney, 
which leads off the flame escaping at the throat ; this 
portion of the furnace is known as the tunnel head. 

In the newer forms of furnaces, the conical or 
spindle-shaped body and cylindrical hearth, with 
’ their sharply-contrasted divisions, are, for the most 
part, Superseded by more flowing forms, the straight 

H 3 
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slopes of the sides being converted into curves, giving a 
more or less barrel-shaped outline to the stack. The 
same terms are, however, alike applied to the different 
parts, the boshes being taken as indicating the widest 
part of the stack, and the hearth that lying below the 
twyers. 

It will be beyond the province of an elementary 
sketch like the present to enter into elaborate details 
of the construction of blast furnaces ; only some of the 
leading points will be noticed in the following order : — 

I. External form and construction. 

II. Details of the interior lining, or working parts. 

III. Construction of the hearth and furnace top. 

IV. Accessory apparatus, such as lifts, blast engines, 
and stoves. 

V. Methods of collecting waste gases. 

The construction of blast furnaces varies very con- 
siderably in different localities, in regard to size and 
proportion of parts to each other, as well as material 
employed. In the early days of pig-iron manufac- 
ture, when a square horizontal section was in gene- 
ral use, the external form was usually that of a 
square base, pyramidal tower, tapering uniformly from 
the ground upwards, which became modified, on thv. 
introduction of the circular stacks, to a conical or cylin- 
drical form, the lower portions near the ground, and 
surrounding the hearth, still retaining the square base. 
Both of the above forms are characterised by extremely 
massive construction, the lower parts, or stack pillars, 
forming solid four-sided blocks of masonry, braced with 
iron rods, and imited by cylindrical arches into the 
so-called twyer houses, a complete circular passage 
being usually formed through the mass of the pillars. 
When the whole fiimace is of rectangular section it is 
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braced by a similar system of tie rods through the 
entire height, hut in conical or cylindrical forms iron 
hoops, placed at short distances apart, are used for the 
same purpose. With every increase of size the massive 
character of the external casing of the blast furnace has 
diminished by the reduction of the mass of masonry, 
and the substitution of cast and wrought iron whenever 
it is possible to do so. Thus in many modem English 
furnaces the old stack pillars and twyer houses have 



Fig. 4.^Swedl8h charcoal blast furnace, Tertical section on line AB. Fig. 5. 


been replaced by cast-iron columns or standards, ar- 
ranged in a circle, whose entablature is a east-iron 
ring, carrying the whole of the superstructure, or stack, 
so that the hearth casing, instead of being accessible 



Examples of these different forms of construction may 
be seen in almost every iron-making district. The 



oMer kinds, with massive stacks, are, as might be ex- 
pected, to be found chiefly in the older districts, such 
as South Wales, Staffordshire, and Scotland; while in 
the newer furnaces of the north-eastern counties and 
Lancashire, the iron-jacketed cupola type is more com- 
monly seen. 

Figs. 4 and 5, which are the section and plan of a 
small charcoal blast fiimace at Safvenas, in Lapland, 
may be taken as an example of the more massive con- 
struction, with square pillars and a roimd stack, while 
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Fig. 6 represents the cupola form of furnace, being the 

section of a large coke fur- 
nace, smelting hematite, at 
Barrow-in-Furness, Lanca- 
shire. The other points in 
the construction of both these 
furnaces will be referred to in 
the sequel. They are placed 
here merely as types of con- 
struction. 

In some of the furnaces of 
Sweden and Finland, which 
are of comparatively small 
dimensions, the outer casing 
is formed by a crib- work of 
wood, like a log hut, the in- 
termediate space between it 
and the interior furnace stack 
being filled in with earth. 

Construction of the working 
Parts of the Furnace. The 

Fig. ^-Cui>olu blast furnace, shaft, OT stack, of the fuT- 
naco, i.e. the upper part 
4bove the boshes, is constructed at the same time as 
the casing. It is now invariably formed of fire-bricks, 
which are moulded to the proper curve of each ring. 
The thickness of the shaft or ring wall is about 15 or 
18 inches, the joints being brought to a fine face and 
set in fire-clay. A second wall is, in the more massive 
class of furnaces, placed immediately outside the first ; 
this may be either of common or seconds fire-brick, 
and set in cement ; outside of all, comes the exterior 
•casing, which, as has been already stated, may be either 
of iroir, brick, or masonry. 
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A small annular space, filled either with loose sand or 
small fragments of broken slag, is usually interposed 
between each successive lining, in order to allow for any 
alterations of form produced by the expansion of the 
inner one. In the outer casing a number of square 
holes are often provided for the escape of moisture; 
these are more especially used in furnaces which only 
remain in blast for a certain period of the year, as is 
the case in Sweden, but in those that work continuously, 
they are often omitted. 

The lower portion of the furnace, including the 
hearth and boshes, is built after the completion of the 
stack. The foundation of the hearth varies with the 
nature of the ground, and may sometimes require to be 
commenced, in concrete and rubble work, at a consider- 
able depth below the surface; the hearth bottom consists 
of a thick layer of fire-brick, or sandstone, in blocks of 
as large a size as can be obtained, or in some cases both 
materials are used. The bricks for this purpose are 
laid in the form of an inverted flat arch, in order that 
they may not bo forced up in the event of the molten 
metal finding its way through the joints. When a bed 
of masonry is used below the hearth bottom, it is 
generally built with a system of channels or flues intefe^ 
secting at right angles, through which air circulates, 
and prevents the access of moisture from the ground 
to the hearth. The arrangement of these flues is 
shown in Fig. 4. 

The sides of the hearth and boshes, up to their junc- 
tion with the stack, require to be made of refractory 
material, and also of considerable thickness, having to 
withstand a very high degree of heat, in addition to 
the common action of the molten slags. When the* 
rectangular hearth was used, it was customary to build 
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these parts of sandstone similar to that employed for 
the hearth bottom, but for the circular form brick is 
generally adopted, and is in almost all cases to be pre- 
ferred. 

In Sweden and Germany the hearth and boshes are 
often formed of a mixture of finely- crushed quartz or 
ground fire-brick, and fire-clay, applied in a plastic 
state, and rammed tight between the casing walls and 
a wooden core or mould of the proper shape of the 
cavity required, which is afterwards removed. This 
kind of hearth, which is represented in the Swedish 
furnace. Figs. 4, 5, is found to answer well in practice 
for furnaces o^ small diameter, but requires to be very 
carefully dried before being heated, in order to prevent 
irregular shrinkage and cracking. 

A short distance above the ground level the passages 
for the introduction of the blast are perforated through 
the wall of the hearth. These are known as the twyer 
holes, and vary in number from two to six. On the front 
or working side of the hearth, a square or flat-arched 
opening extends from the hearth bottom to a little above 
the level of the twyer holes. The vertical sides of this 
opening are prolonged outwards for a short distance 
a rectangular cavity, known as the fore-hearth, 
which is bounded in front by a wall of refractory 
material,called the dam. The arch covering the opening 
is called the tymp arch. 

The exterior of the hearth, and the faces of the nume- 
rous apertures pierced through it, are strengthened 
with cast-iron plates and wrought-iron bracings. The 
under side of the arch is, in large furnaces, usually 
protected by a cast-iron box or block, having a 
Wrought-iron serpentine pipe inside, through which a 
current^of water is kept flowing, in order to protect the 
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brickwork from destruction by the intense heat to 
which it is exposed^ and the corrosive action of the 
molten slag which is constantly flowing through it. 

The dam in front of the hearth is formed of fire- 
brick, and is carried up to the twyer level. Externally 
it is supported by a cast-iron plate, called the dam 
plate. A semicircular furrow in the top edge, known 
as the cinder notch, forms a passage for the slag, 
which is now often moulded into large blocks by re- 
ceiving it in a shallow square-bodied railway truck, 
haring movable sides of wrought iron. When the 
truck or cinder tub is full, it is removed, and the block 
of slag, weighing in some instances as much as 7 tons, 
is, as soon as it has cooled sufficiently to become solidi- 
fied, removed and thrown away. In charcoal and 
other small furnaces, the front of the dam is generally 
formed into a gently-sloping inclined plane or cinder 
fall^ where the slag as it runs out solidifies in a compa- 
ratively thin layer, and may be broken up and re- 
moved by hand. In Staffordshire, the slag is allowed 
to collect in a shallow basin in the floor of the casting 
house, called the roughing hole, where it consolidates 
to an irregular disc-shaped lump, which is afterwards 
lifted out by a crane, and sent off* on a truck to 
slag bank or cinder tip. 

The tap-hole for withdrawing the molten iron from 
the hearth is a narrow vertical slit pierced through the 
dam, and extending from the hearth bottom about 
12 or 15 inches upwards. During the time that the 
hearth is filling, it is stopped by a packing of sand 
rammed in tight, which can be easily perforated by a 
pointed bar, at the time of casting. The space between 
the top of the dam and the tymp arch is also stopped 
with sand or brick, a small passage being left for the 



At either side of the tymp there are often fixed to 
the hearth casing a series of cast-iron plates with ver- 
tical racks or notches, which form points of support or 
fulcra for the heavy tools used in clearing the hearth 
and other operations in the interior of the furnace ; 
these are known in France as (jendarmes, 

-‘.Figs. 7 and 8, which are modified drawings of a 
South Staffordshire furnace, represent the general 
arrangement of the hearth of the blast furnace men- 
tioned in the preceding paragraph. Fig. 7 is a front 
view of the exterior of the hearth, and Fig. 8 a section 
on the line a b ; a is the dam in section, b the cast- 
iron dam- plate, c the tap-hole, d the water tjunp in 
elevation in Fig. 7, and in section showing the water 
passages in Fig. 8 ; e is the blast main, and f o, smaller 
pipe supplying w^ater to the tymp and twyers. 

DBtHih of the Top of the Furnace. The upper end 
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of the stack, or throat of the furnace, is surrounded by 
a platform or charging plate sufficiently broad to give 
room for working the barrows used in filling ore, fuel, 
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times, additional surface is necessary. Tliis is provided 
by an overhanging gallery carried upon brackets, con- 
structed entirely of cast and wrought iron. "When 
two or more furnaces are placed adjacent to each other, 
their galleries are united by bridges, which communi- 
cate with the lifts for bringing up materials to the 
furnace top. 

When the gases are allowed to bum at the throat, 
it is necessary to provide a chimney in order to carry 
the flame clear of the charging place. For this 
purpose a short cylinder of brickwork hooped with 
wrought iron, or even of cast iron, is used, known as 
the tunnel head. The charging holes are rectangular 
apertures, varying in number with the diameter of the 
throat, in the lower part of the tunnel head, through 
which the charges of ore, fluxes, and fuel are intro- 
duced. Except at the time of charging they are gene- 
rally closed by wrought-iron shutters. 

The arrangements of the head of the furnace when 
the gases are collected are somewhat more complicated, 
and will be described further on. 

Lifts. In hilly countries, w'here the vallej" s are deep, 
it often happens that blast furnaces can be placed below 
general level of the ground, supplying the ores 
and fuel, so that all materials necessary for working 
may be delivered at the furnace top without any special 
appliances. In flat ground, on the other hand, such as 
prevails in most of the iron districts of England, it 
becomes necessary to resort to mechanical lifts for 
raising the charges. The following are some of the 
forms more generally employed. 

Inclined Planes. These are mostly to be found in old 
trorks, the more directly vertical lift being generally 
l^referred at the present day. They are usually made 
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with a double line of railway, or with a single line and 
crossings for the return trucks, carried on trestle work. 
The inclination is usually not more than 25 or 30 
degrees. The most convenient form of truck is a 
criangular frame, with two pairs of wheels of unequal 
height, supporting a horizontal platform of sufficient size 
to carry four or more of the iron wheelbarrows used in 
charging, with their loads. The motive power is 
usually a steam engine of from 10 to 20 horse power, 
working a pair of winding drums. The load is drawn 
either by wdre ropes, or in Staffordshire by flat-linked 
chains, such as are used in the same district for draw- 
ing in collieries. i 

At the Barrow Iron Works, in Lancashire, two in- 
clined planes are used for the supply of seven furnaces. 
They are carried by bow and string girders of wrought 
iron, and extend from the ground to the top of the 
furnace, with only one intermediate support. The plat- 
form waggon, carrying the barrows, is received into a 
recess in the charging platform, and a similar one 
below, so that the barrow's with the loads may be 
wheeled on and off on their arriyal at either end. The 
motiye power is a high-pressure steam engine placed 
behind the furnaces, working a wire-rope drum. Abotti; 
4,000 tons of materials are lifted weekly by each plane. 

The most approved form of lift, where large quan- 
tities of material have to be raised to a considerable 
height, is a cage moving between vertical guides exactly 
similar to those used in collieries. As the load is com- 
paratively quickly raised, it is a useful precaution, 
wheie steam power is used, to have no self-acting valve 
gear, but to let the engine bo entirely worked by hand, 
in order to prevent the chance of accidents from over- 
winding. * 
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The water balance is an old and favourite form ci 
lift for small furnaces. It consists of two cages moving 
vertically and guided, united by a rope or chain passing 
over a guide pulley ; below the floor of each cage is 
fixed a water-tight box, provided wdth a discharge 
A^alve in the bottom. When the empty cage is at the 
top of its stroke, water is allowed to flow into the box 
until the weight is sufiicient to pull up the other cage 
with a fresh load, the speed being regulated by a brake 
on the guide pulley. As soon as the return cage reaches 
the ground, the projecting stalk of the discharge valve 
strikes against a catch, and is driven up, leaving a 
passage for thg water, which runs out, and the cage is 
ready for another ascent when loaded. The chief merit 
about this plan is its extreme simplicity and the large 
useful cfiect got from the water, especially if a natural 
fall can be used, otherwise it must be pumped up by 
special machinery. The principal objection to it is the 
difficulty of keeping the water boxes tight, the lift 
houses being generally damp and sloppy from leak- 
ages. 

A more perfect kind of hydraulic lift is that con- 
structed upon Sir William Armstrong's system, where 
the lifting cage is connected to a w’atcr-pressure engine 
by means of a chain passing over a system of compound 
pulleys, so that when the engine makes a stroke of 6 
or 8 feet the load is lifted through a height six or 
eight times greater, according to the multiplying pur- 
chase of the tackle. 

Pneumatic lifts are now used to a considerable extent 
in England, as the necessary pow’or, compressed air, 
may be readily obtained from the main blast engines 
supplying the furnaces. The simplest form is a wrought- 
iron cylinder, open at the bottom and closed at the top, 
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iibout G or 8 feet in diameter, and Bomewliat longer 
than the height of the furnace, suspended in a tank 
by counter-balance weights passing over pulleys in a 
manner exactly similar to an ordinary gasometer. A 
pipe for the admission of air at 3 or 4 lbs. per square 
inch above the atmospheric pressure, is introduced 
through the tank. The waggon to be lifted is carried 
on the top of the bell, and as the whole of the moving 
parts of the apparatus are balanced, the amount of power 
required is only that necessary to raise the additional 
load. For the return stroke, the air within the bell is 
allowed to escape by opening a valve communicating 
with the atmosphere, the weight of the ^mpty waggon 
being suflBcient to lower the bell in the tank. 

In Gjers^ pneumatic lift, which is much used in the 
newer Cleveland furnaces, the motive power, instead of 
being taken from the main blast engine, is furnished 
by a pair of double-acting air-pumps, the lift being 
effected by the pressure of the atmosphere acting against 
a vacuum in a cylinder, while the empty waggons are 
returned by compressing air under the piston. 

The Jacob’s ladder, or endless chain system of lift, 
usually described in older works, is probably no longer 
in use, 

Bloioing Machines. The use of cast-iron cylinder 
blast engines has almost everywhere superseded the 
ruder contrivances of wooden chests with square pis- 
tons, bellows, &c. In Sweden, for small furnaces and 
forges, the single-acting form of engine is much used, 
being cheap and economical in working and main- 
tenance. Usually three inverted vertical cylinders are 
employed, of about 3J or 4 feet diameter and length 
of stroke, carried on cast-iron or wooden standards, and. 
driven directly by a water-wheel. 
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The cylinder is provided with an air-tight piston, to 
which a reciprocating motion is imparted by appropriate 
paechanism. Two sets of valves are placed on the 
cylinder cover : the longer scries open inwards as the 
piston recedes, giving a passage for the admission of 
the external air, and at the change of stroke are closed 
by the compressing force exerted by the piston on the 
included air ; and the second series, or discharge valves, 
which are in connection with the blast reservoir, open, 
and allow the compressed air to pass out. In the 
single-acting engine only one end of the cylinder is 
covered and provided with valves ; while in the double- 
a(;ting form ^^represented in Fig. 9) both ends are 
similarly arranged, so that one side of the piston is 
drawing air through the intake valves, er, while the 

other is compressing the 
volume taken in at the pre- 
ceding stroke, and driving it 
over into the reservoir through 
the discharge valves, b. 

The valves employed are 
generally oblong rectangular 
plates, with their shorter sides 
placed vertically — one of the 
long sides forming the hinge. 
In order to combine rigidity 
wilh lightness, it is usual to 
make them of a combination 

Fijf. 9. — Cylinder blast enffine. /» j i • ^ j • j j 

01 tnin sheet iron, with contact 
surfaces of felt, leather, or india-rubber. The hinge 
may bo either of metal, accurately fitted, or merely a 
flexible leather flap. The seats or boxes to which they 
are affixed are usually rectangular tubes projecting from 
the outer face of the cylinder cover. In order that the 
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valves may close by tbeir own weight when relieved 
from the pressure of the air, it is usual ^o fix the beat- 
ing face of the seat in an inclined position, or counter- 
balance weights or springs of steel or india-rubber may 
be used for the same purpose. 

As the motion of the valves is similar to that of 
the pendulum, the time required for opening and 
shutting them is dependent on their vertical length, 
so that the piston cannot be driven beyond a certain 
speed, unless mechanical means, capable of being 
increased pari passu with the speed of the engine, 
be employed. This has been attempted in the so- 
called slide-blowing engines, where th^e flap valves 
are replaced by a slide similar to that used in 
steam engines, which travels at the same rate as the 
piston, and places the apertures at either end alter- 
nately in communication with the external air and the 
blast reservoir. The system of construction has been 
adopted at different times both in England and on the 
Continent. The best-known form is Slate's engine, 
where the slide is annular, and placed outside of the 
vertical blast cylinder, receiving motion by means of a 
pair of parallel rods connected with the rotary shaft of 
a steam engine below. The form of the slide is the 
solid of revolution produced by the rotation of an 
ordinary -/A- shaped slide valve about a vertical axis, 
formed by the centre line of the steam and blast pistons. 
In Thomas and Laurent's arrangement the cylinder is 
horizontal ; the air passages are of a rectangular form, 
and are, together with the slide, placed laterally in the 
same manner as the steam ports and slide valve in an 
ordinary horizontal steam engine. 

In Fossey's engine, which was exhibited in the 
Belgian deppjrtment of the Exhibition of 1882, the 
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slide valves are replaced by discs with radial perfora- 
tions, which are put in slow rotary motion by gearing 
.from the fly-wheel shaft. A jacket is cast round the 
cylinder, with an interspace forming the passage from 
the cylinder to the reservoir. The apertures in the 
disc are sixteen in number, a corresponding series 
being formed in the cylinder ends, which are alter- 
nately opened and closed by the rotation of the disc in 
conformity with the motion of the piston. In the for- 
mer position the external air is admitted, while in the 
latter the volume enclosed is driven over into the 
jacket and reservoir. In practice the use of the slide 
blast engine has not been found to be advantageous, 
owing to the large amount of mechanical effect con- 
sumed by the friction of the slide against the rubbing 
face of the cylinder, which would be great in itself, on 
accoimt of the high speed at which they require to be 
driven, but is materially increased, owing to the dusty 
state of the atmosphere almost unavoidable in iron 
works. 

In the ordinary form of engine with flap or clack 
valves it is necessary to provide as largo an area of 
air ways as can be got out of the surface of the cylinder 
cover. The intake passages should be made, if possible, 
equal to one-half, and the outlet about one-eighth, of 
the area of the piston. As it is impossible in large 
engines to use single valves of these dimensions, on 
account of their weight, and consequent liability to give 
rise to injurious shocks in working, it is customary, 
therefore, to employ a number of small valves, whose 
united areas make up the required amount of surface. 

The question of the relative advantages of horizontal 
and vertical blast cylinders has been discussed at con- 
sidorabJe length by engineers, bolh in this country 
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and on the Continent. As in many other matters 
depending npon practical experience, there is much 
to be said on either side. For engines of small, 
dimensions the horizontal form is cheaper, and may be 
worked with the least amount of clearance from the 
vertical position of the cylinder covers, which may be 
pierced through like a gridiron, giving a bearing for 
the valves, without any overhanging parts or valve 
boxes. The required foundations may also be less 
massive than in the vertical form, owing to the longer 
bearing of the framing, when a horizontal direct - 
acting steam engine is the motor ; this, of course, 
necessitates the comparatively larger s^^rface for the 
engine-house. On the other hand, the difficulty of 
lubrication is increased, as the powdered graphite, which 
is generally used for this purpose, instead of being 
uniformly distributed round the pistons, is apt to fall 
to the bottom of the cylinder, while the upper side 
works dry, and the cylinder wall is worn irregularly, 
and becomes ovalised. The difficulty of keeping the 
weight of the piston off the bottom, and producing the 
same kind of unequal wear, is also urged against the 
use of large horizontal cylinders ; but this objection, 
which has also been applied in the case of horizontal 
steam engines, does not appear to be productive of any 
practical disadvantage in the larger modern engines 
used for screw propulsion, whose diameters are quite 
equal to those of the average of blast cylinders. 

In regard to vertical beam engines the chief disad- 
vantages are their great length and expensive character 
of construction, and the extra amount of clearance, equal 
to the volume of the valve boxes, rendered necessary by 
the horizontal position of the cylinder covers ; on the 
other, they have the great advantage of stability, and 
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may be made of any dimensions ; thus, in South Wales, 
engines are in use with blast cylinders up to 12 feet in 
diameter. In engines giving small volumes of blast at 
Fery high pressure, such as are used in Bessemer’s 
process, the valves require to be made extremely 
light: the construction employed in such cases is a 
plain ring or plate of india-rubber covering a perfo- 
rated plate, which opens and shuts by its own elasticity 
when exposed to, or relieved from, pressure. 

In Coulthard’s blast engines the air passages are 
circular holes in the cylinder, similar to those used by 
Bessemer, but the valves are light wooden balls covered 
with india-rubber, which arc arranged on inclined and 
grooved seats, sloping in a direction contrary to that of 
the current of air, so that when the pressure is suffi- 
cient to drive the balls up the incline the air way is 
opened ; but as soon as it is relieved, they roll down 
again, and stop the passage. 

The combination of the blast and steam cylinders, 
when steam power is used, is effected in various ways. 
The large vertical engines of modern date in this 
country are beam engines, the main bearing being 
supported either on the engine-house wall or on an 
entablature carried by cast-iron columns. The piston- 
rods are attached by the ordinary parallel motion. On 
the steam side, the beam is often continued beyond the 
point of articulation of the piston-rod, and turned up- 
ward in<D a short crane neck, to the end of which the 
connecting-rod working the fly-wheel is attached. 
This arrangement permits the use of a long light con- 
necting-rod, without unduly increasing the surface 
occupied by the engine. 

In Belgium, direct-acting engines with vertical 
cylinders are much used, the blast cyliDder being placed 
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iipponiiost. In an engine of this class built at Seraing, 
Evans’s beam, with an oscillating centre, is adopted, in 
order to keep the woiking parts within a comparatively 
small space, the length of the base of the engine- 
house being little more than the radius of the fly-wheel, 
or about 25 feet. The height, owing to the two 
cylinders being placed one above another, is consider- 
able, being not less than 40 feet. The steam cylinder 
is 41 1 inches, and the blast cylinder 6G inches ; the 
length of stroke 88 inches. When working with steam 
of 30 lbs. pressure, and blowing air at 4J lbs. above 
the atmosphere in sufficient quantity for a large furnace 
burning coke, the work done is equal tobe^veeii 80 and 
100 horse power. In the newer kind of engines built 
at the same works, the vertical direct-ac^ting form is 
preserved, but the piston-rods are guided by sliding 
blocks instead of the older and more com})licated 
arrangement of Evans. 

In Austria a class of small direct-acting engines of 
the same character is used for charcoal furnaces, having 
the steam cjdinder placed uppermost, which, together 
with the framing for the guides, is bolted on to the 
top flange of the blast cylinder. They are usually of 
small dimensions, averaging from 25 to 30 horse power, 
and delivers from 2,300 to 2,500 cubic feet of air per 
minute. 

In Siegen; and other parts of Rhenish Prussia, hori- 
zontal blast engines arc preferred. The commonest 
pattern has both cylinders placed in the same line ; the 
rod ^\hich carries the two pistojis goes through both 
covers of the blast cylinder, and is guided on either side. 
Usually two engines are coupled together upon Iho 
same fly-wheel, but the construction is such that they 
may be disconnected if only the power of one engine is 
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wanted. For charcoal furnaces from 30 to 40 horse 
power is considered sufficient, but with the larger ones, 
working on coke, from 80 to 100 horse power is found 
to be necessary, as in other districts. 

The same kind of horizontal engine is generally 
adopted in new works in Sweden and Lapland, having 
only a single charcoal furnace. 

The working limits of blast pressure vary with the 
nature of the fuel employed, and the burden of the 
furnace, &c. Thus, in some of the small charcoal 
furnaces of Northern Europe, it docs not exceed half 
or three-quarters of an inch of mercury above that of 
the atmosplicre ; while in American anthracite fur- 
naces as much as 15 inches, or 7^ lbs., is used. In 
England from 2^ to 3 lbs. is used with cold blast and 
tender fuel, but 3|, 4, or 5 lbs. is common with hard 
coke. In Bessemcr^s process of steel-making, by 
forcing air through a column of molten pig iron, a 
pressure of from 15 to 20 lbs. per square inch is 
used. 

The largest blast engines hitherto constructed are 
those at Dowlais and Ebbw Vale, in South Wales ; the 
former, which was erected by the late Mr. Truran, has 
a cylinder 144 inches in diameter, with the same 
length of stroke ; the area of the admission valves is 56 
square feet, that of the discharge valves IG square feet, 
t he fonner being equal to half the surface of the piston. 
The steam cylinder is 55 inches in diameter, with a 
piston making a stroke of 13 feet, the motion being 
transmitted by an unequal-arm cd beam. Owing to the 
large area of the air ways a very high speed, as many 
as 20 strokes per minute, can be obtained. The volume 
of blast delivered is about 51,000 cubic feet, at a 
pres8*ure of 3J lbs., sufficient for the supply of six large 
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furnaces and four refineries. The mam blast pipe w 
6 feet in diameter. Tlie Ebbw Vale engine has a 
blowing cylinder of the same size, but the steam cylinder 
is 72 inches in diameter. 

The practice of blowing several furnaces by one 
engine of large size, though mechanically advantageous, 
is attended with considerable risk, as the safety of the 
furnaces may be endangered in the event of a break- 
down, unless there be a reserve of blowing power. It 
is therefore preferable to divide the work between two 
or more engines, according to the number of furnaces 
ill blast. Where there is only a single furnace, as is 
usually the case in charcoal-smelting, two small engines 
coupled together, but capable of being worked indepen- 
dently of each other, may be used, for the same reason. 

Blad Regulators, The air or blast issues from the 
blowing cylinder in an irregular stream, owing to the 
variation in pressure at different points of the stroke, 
the supply being intermitted during the period of 
actual compression after the closing of the intake, and 
before the opening of the discharge valves. In order, 
therefore, to produce a steady current in the furnace, 
it is necessary to use some means of equalising the 
pressure. This may be done either by receiving the 
blast into a reservoir whose volume is several times 
that of the blowing cylinder, or by delivering it into a 
second cylinder containing a loaded piston, which rises 
when the supply of blast is greater than the amount 
required by the furnaces ; but when the quantity 
diminishes the piston falls, and exerts a compressing 
force, until the equilibrium is restored by increasing 
the speed of the engine. The same effect may be 
produced, with less loss from friction, by the use of a 
loaded bell, or gasometer, floating in a water "tank. 
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The volume of those regulators may be from one and 
a half to twice that of the blast cylinder. 

Fixed reservoirs are usually made of wrought iron ; 
formerly a spherical, or balloon-shaped form was com- 
monly adopted, but they are now more generally made 
cylindrical, with flat ends like high-pressure steam 
boilers. The thickness of the plates, of course, depends 
upon the pressure and dimensions employed, as well as 
the form adopted: from one-twelfth to one-eighth of 
an inch may bo taken as sizes commonly used. The 
volume of the regulator may be from twenty-five to fifty 
times as great as theamount of blast in cubic feet delivered 
by the engwe per second, whtui it is placed near the 
furnace, but this may be considerably diminished when 
a long blast main is used. Indeed, it often happens 
that suiScient uniformity can be got in the latter case, 
especially when several engines arc used, by blowing 
into the main direct, without the use of a special 
regulator. 

Hegulators in masonry or brickwork are usually 
lined with cement in order to protect the air from 
taking up moisture. A regulator of this character, 
consisting of a chamber cut out in the solid rock, was 
applied at Devon Iron Works, in Scotland, as early as 
1792. 

Blast Heating Apparatus, The use of heated air in 
the blast furnace, which was first introduced by Ifeil- 
son in 1828, has been found to be attended with a 
great economy of fuel, and at the same time the work- 
ing power of the furnace is iiicreascd. It is therefore 
employed at the present day in iron-making districts 
all over the world, almost to the exclusion of cold 
blast, the latter being retained only for certain special 
makes whicli comuiand an extra price, and may there- 
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The volume of these regulators may be from one and 
a half to twice that of the blast cylinder. 

Fixed reservoirs are usually made of wrought iron ; 
formerly a spherical, or balloon-shaped form was com- 
monly adopted, but they are now more generally made 
cylindrical, with flat ends like high-pressure steam 
boilers. The thickness of the plates, of course, depends 
upon the pressure and dimensions employed, as well as 
the form adopted: from one-twelfth to one-eighth of 
an inch may be taken as sizes commonly used. The 
volume of the regulator may be from twenty-five to fifty 
times as great as the amount of blast in cubic feet delivered 
by the eligible per second, when it is placed near the 
furnace, but this may be considerably diminished when 
a long blast main is used. Indeed, it often happens 
that sufficient uniformity can be got in the latter case, 
especially when several engines arc used, by blowing 
into the main direct, without the use of a special 
regulator. 

Regulators in masonry or brickwork are usually 
lined with cement in order fo protect the air from 
taking up moisture. A regulator of this character, 
consisting of a chamber cut out in the solid rock, w^as 
applied at Devon Iron Works, in Scotland, as early as 
1702. 

Blast lleatiag Apparatus. The use of heated air in 
the blast furnace, which was first introduced by Neil- 
son in 1828, has been found to be attended with a 
great economy of fuel, and at the same time the work- 
ing power of the furnace is increased. It is therefore 
employed at the present day in iron-making districts 
all over the world, almost to the exclusion of cold 
blast, the latter being retained only for certain special 
makes which command an extra price, and may there- 
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fore be produced without the slrict regard, to econo- 
mical considerations which is necessary when working 
on an article of lower repute. 

The amount to which the temperature of the blast 
may be raised with advantage does not appear to have 
any practical limit, cverj^ fresh increase being attended 
with further saving of fuel ; thus, in the first instance, 
100® were found to be an advantage over air at the 
ordinar}^ temperature ; then came tcniperjiturcs of 200® 
— 400®, up to the melting-point of zinc ; and now it is 
actually used at a visible red heat, or about 700°. 
Thus it was found that a saving was produced of 
5 cwt. of coke per ton of iron made J>y using air 
heated to about 650®, instead "of the lower tempera- 
ture of 350° or 400°, previously employed. The dif- 
ficulty of keeping the apparatus tight, and the rapid 
destruction of metal pipes when heated to redness in 
air, render a special constiuction necessary for the 
production of such extremely hot blast economical^. 

The greater number of blast-heating apparatus in 
use at the present time, and known as hot blast ovens or 
sfoves^ consist essentially of a series of parallel, or 
spiral tubes, arranged in a chamber of fire-brick, and 
heated externally by a fire. The opposite ends of 
these tubes are connected with two mains intersecting 
them at right angles. One of these supplies cold air, 
while the other, or hot blast main, removes the heated 
air. 

In the older forms of stove, such as that originally 
adopted at Calder, in Lanarkshire, the fireplace is an 
oblong rectangle in plan. The two mains, which are 
placed parallel to the longer sides, are of a circular 
section, and cast with a number of circular sockets for 
the heating pipes. These are arched, horse-shoe^ 
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siphon, or inverted U pipes, also circular in section, 
placed with the arched portion upright, and luted into 

the sockets on the mains. 
The fire-grate runs along 
the whole length of the 
bottom, and the flame, 
after playing on the un- 
der sides of the tubes, 
passes between and around 
them, by means of appro- 
priate flues, into the chim- 
ney, while the cold air, en- 
tering by the main on one 
side, flows continuously 
through the arched pipes, 
where it becomes heated. 

Fig. lO.-Hot blast stove. Dowlaia. ^nd paSSeS off tO the fur- 
(Truran). Opposite main. 

This an'angcment is shown, in Fig. 10 , in section 
across the shorter side of the stove : a is the cold blast 
main ; b the hot blast main ; c the arched heating 
pipe set in sockets on the two mains ; and d the fire- 
grate. 

To obviate the defects of this apparatus, many 
special modifications have been introduced. Thus, 
in order to get a greater amount of heating surface, 
the horse- shoe pipes are now usually made of flattened 
elliptical, or rectangular, instead of circular section. 
A smaller radius of curvature for the arch has been 
obtained by the use of inverted V pipes, and more 
uniformity in heating, by the introduction of stops 
at intervals in the entry main, so that the air is 
made to pass alternately backwards and forwards 
several times across the arch, instead of moving 
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only in one direction, as was the case in the original 
form. 

Whatever system of construction is used, the air 
should pass through the apparatus in the reverse direc- 
tion to the flame, entering cold, at the end farthest 
from the hottest point of the fire. 

Arch-headed pipes are very easily broken by irre- 
gular expansion at the crowns, if a certain freedom 
of motion is not allowed to the ends ; this is equally 
provided against by placing one of the mains loose on 
its bed, supporting it by spherical bearings, so that it 
may travel outwards to a slight extent as the pipes 
become heated. 

Round and oval ovens have been introduced to 
obtain a more uniform heat than can be got by the 
old rectangular form. These terms refer to the 
shape of the base, or fireplace. The mains are re- 
placed by a cast-iron box of a square or trapeziform 
section, divided by a central partition, one division cor- 
responding to the cold, and the other to the hot blast 
main. The vertical pipes, instead of being arched at 
the top, are united by a short horizontal one, the limbs 
being close together. Tliis variety is much used in 
Staflbrdshire and Lancashire. 

A modification somewhat similar to the last, known 
as the jmtol pipe, is used in Scotland, Cleveland, and 
other districts in this country, and is also rather in 
favour in France and Germany, The two vertical 
pipes or limbs are replaced by a single one, divided by 
an internal partition reaching nearly to the top. It is 
closed at the upper end, and is either straight, slightly 
bulbed, or bent over into a half arch. One of the 
divisions is connected with the intake, and the other 
with the exit, so that the cold air rises on one side, and 
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posses through the bulbed chamber at the top, down 

the other, heated to 
the fiimace. When the 
curved head is used, it is 
usual to place two series 
of pipes in opposite di- 
rections with the heads, 
meeting so as to form an 
arch for mutual support ; 
but, of course, the ques- 
tion of unequal expansion 
does not arise, as each 
half of the arch is inde- 
pendent of the other. 
The term pistol pipe is 
derived from the resem- 
blance of the curved 
head to a pistol stock, 
the straight portion corresponding to the barrel. This 
construction is represented in Fig. 11, the left-hand 
pipe being shown in section, and the right-hand one in 



Fig. 11.— Pinf^l-pipe hot blast stova. 
Oberliausen. 


elevation. 

All the preceding forms of stoves are characterised 
the use of air ways presenting continual changes of 
form ; thus the blast passes from the main through the 
heating pipes alternately backwards and forwards. In 
what are known as spiral-pipe ovens, the heating is 
effected in tubes of uniform section, arranged similarly 
to the worm of a still. Among these may be mentioned 
the apparatus in use at Ebbw Vale, a horizontal 
coil of cast-iron pipes exposed to a fire running the 
Vhole length of the axis. The pipes are formed in 
'segments corresponding to one-half of a complete turn 
of the screw, and arc united by ordiiiaiy socket joints. 
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The union of the pipes and mains in stoves is always 
effected in the same manner, the latter being cast with 
sockets for receiving the ends or feet of the pipes, 
which are often made slightly conical, spigot fashion. 
The joint is made air-tight by rust cement. 

Stoves with straight or serpentine horizontal pipes 
are much in vogue in Germany, and are known 
after the name of the works at Wasseralfingcn, in 
Wurtemberg, where they were first introduced. In 
the original construction a number of straight pipes 
of circular bore, placed horizontally, extend from 
side to side of the walls of the fire chamber in a 
manner exactly similar to the tubes of a locomotive, 
and are united into a continuous serpentine coil by 
external arched bends not exposed to the fire. In 
this way the difficulty arising from the tendency of 
the pipes to break at the bends, owing to irregular 
expansion when heated, is avoided. The newer forms 
differ chiefly from the foregoing in the section of 
the pipes, which are now usually elliptical instead of 
circular. The position of the longer axis may be 
cither horizontal or vertical ; the latter, being the most 
advantageous arrangement, is usually adopted. 

Fig. 12 is a section of a stove of this pattern at Neu- 
stadt, in Hanover. The coil consists of four pipes united 
by semicircular bends, four similar series being united by 
other bends placed horizontally, so that the whole appa- 
ratus contains sixteen pipes. The cold air enters at c, 
and passing downwards, issues in a heated state at d. The 
fuel employed is tlic waste gas from the blast furnace, 
which is supplied through the wrought-iron main, a, 
and jet-pipe, 6. The latter is provided with a central 
tube for the admission of the air necessary for burning 
the gas. 
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Thomas and Laurent’s stove, used in several of the 
newer French furnaces, consists of three vertical tubes 
of large diameter, united by external horse^shoe pieces 
placed externally, as in the Wasscralfingen apparatus. 



Fig. I2.--Hot blast stove. Wasseralfingen pattem. 


In order to obtain a larger heating surface, the inner 
side of the tube is studded with projecting radiating 
ribs about 3 inches high, the remaining interior space 
teing filled with a cylindrical core of cast iron or 
fire-brick. These ribs are not continuous in the same 
place throughout the entire height of the tube, but are 
interrupted at difierent levels, the series above and 
below being arranged so as to break joint with the 
central one. By this means the air is forced to travd 
in a somewhat deviating course through the passages 
enclosed between the core and the ribs. A very con- 
siderable heating effect is claimed for this arrange- 
’ment, which is similar to that of the stoves known as 
gill calorificrs,” used for warming large rooms ; but 
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it is attended, owing to the irregular section of the air 
ways, with a notable loss of pressure from friction. 

In considering hot blast stoves, we have hitherto* 
assumed that the heating of the air is to be eftected by 
means of fuel burnt on a grate below the pipes. This 
is still done to a considerable extent, but the substitu- 
tion of the waste gases of the furnace is now almorf« 
equally common, especially in furnaces using fuel 
brought from a distance. For this purpose it is neces- 
sary to bring a branch pipe to the stove from the main 
gas conduit, which terminates either in a series of jets, 
or more commonly in a rectangular mouth-piece, a 
special aperture of a similar character, foi the admission 
of air, being placed immediately above or below. 

It is generally advisable to have a grate with a 
small fire, which insures ignition of the gases ; with- 
out this, in case of the flame becoming extinguished, 
air would be liable to get back into the gas main, 
where it would most probably produce an explosion. 

Cowper’s stove, for heating air to very high tempera- 
tures, is constructed on the so-called regenerative ” 
principle of Siemens. It consists, as shown in section. 
Fig. 13, of a cylindrical chamber, with a low-domed 
roof of fire-brick work, cased with wrought iron ; the 
discharging passage for the hot blast, made of similar 
materials, projects on one side, opposite to which is the 
stack for producing the necessary draught. 

In the interior of the chamber a vertical shaft, a, 
whose diameter is about one-third of the whole space 
between the walls, extends from the floor nearly to the 
roof, and communicates at the bottom with the passages, 
B, by which the inflammable gases and air are ad- 
mitted, and by a horizontal flue, c, with the hot blast* 
exit passage. The annular space between the central 
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shaft and the walls of the chamber contains two parallel 
iTQg flues ; these serve alternately for the admission of 
cold blast, and the escape of spent flame to the chimney. 
Above these flues, which occupy about a quarter of 
the total height of the chamber, the whole of the re- 



Fig. IS.-^owper’s hot blast stove. 


maining space, up to the springing of the dome, is 
filled with fire-bricks loosely stacked, so that a large 
number of small rectangular openings are left between 
them, forming the channels for the blast and gases to. 
circulate. During the time of heating, the hot and 
cold blast valves, e and f, are shut, and the gas and 
air valves, g and h, below the central shaft, opened. 
The ignited gas then rises up the shaft, and passes 
downwards through the bricks and lower ring flues into 
the chimney, the draught being regulated by a special 

evolved by the burning gases is transferred 
to the bricks, the temperature of the layers being in- 


^.amper 

The^] 
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creased progressively from above downwards, until, in 
about two hours’ time, the whole contents of the 
chamber are brought to a uniform strong red heat ; 
the air, gas, and chimney valves are then closed, and 
the cold blast is admitted by the valve, F, and passes 
through the chamber in the reverse direction to the 
heating current, upward through the bricks, abstruv.!?" 
ing their heat, and down the central shaft through the 
hot blast valve, e, to the furnace. The current of cold 
air is continued until the bricks, with the exception of 
a few of the upper layers, are no longer red-hot ; the 
blast is then stopped, and the heating is recommenced 
by admitting gas and air as before. I; is of course 
necessary to have two stoves in order to keep up the 
blast continuously, one being heated while the other is 
cooling, and vice versa. By this system of stove the 
gaseous fuel is very perfectly economised, the tempera- 
ture of the current in chimney being not much above 
that of boiling water, lOO'^ to 120°, while the blast is 
made visibly red-hot, and capable of melting antimony 
with ease, corresponding to a temperature of 700° to 
800°. In this stove all the parts brought into contact 
with the heated air are made of refractory brickwork, 
with the exception of the hot blast valve, which is ot - 
cast iron, with double walls, and cooled with water like 
an ordinary hot blast twyer. 

Fig. 14, taken from Tomlinson, shows the course of 
the air and gas in a pair of these stoves when at work. 
The right-hand one is being heated, while the other is 
giving up its acquired heat to the blast. Fig. 15 shows 
the manner in which the bricks are stacked in the 
regenerators. 

A simple form of the stove last mentioned h^ been 
recently introduced by Whitwell, In it the cellular 
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C. Cliimney. If»B. V. Hot blast valve. 

C.V. Chimney valve. A V. Air valve. 

O^V. Gas valve. CtM. V, Cold blast valve. 

S. Shut. 0. Opeiu 

method of construction being objectionable when blast- 
furnace gas is used for heating, as the spaces between 



Fig. 15. — Cowper’s hot blast stove. Details of arrangement of bricks 


the bricks are liable to become choked by the deposit 
of flue dust. The oven or heating chamber is enclosed 
by four upright walls, and divided by internal, upright, 
^parallel 'partitions into several narrow compartments. 






Fig. 16 ^ 


suring 22 feet in diameter, by 25 feet high, and con- 
taining 9,000 square feet of heating surface, or 36,000 
feet in all. 

The stove is circular in form. The gas enters at k, 
sufficient space being allowed at the hot end, l, for the 
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ignition of gas by air admitted through the cellular 
passages 1. The flame is conducted through the stove 
.by conduits, o k, 9 inches broad, the average width of 
the passages in a transverse line across the stove being 
about 15 feet, thus giving a total length of flue of 
^'40 feet, with a section of llj square feet, care being 
to place the arches, o, above and below the 
alternate w^alls, that the gas may be equally distributed. 
Other air passages arc placed at 2, 3, and 4, in order to 
ensure perfect combustion of the gas. 

Of the 240 feet of travel, or 9,000 square feet of 
surface, about two-thirds, 180 feet and 6,000 square 
feet respectively, arc raised to a bright red heat, as 
seen through the eye-pieces, ii, perforating the casing 
and shell, by which the slate of the interior can bo 
readily observed. In the remaining space of one-third 
the temperature shades down gradually, until the pro- 
ducts of combustion pass ofl* to the chimney, c, where 
their temperature is reduced to about 300®. When 
the stove has been heated to this point, the gas-inlet- 
valve, «, and chimney-valve, c, are closed, as well as 
all the air- valves, 3 , 2, 3, 4, and the hot and cold blast 
valves, D and a, are opened. Tlie cold blast now enters 
and passing over the walls in reverse order to the 
gas, commencing at the coldest end, is gradually heated 
until it attains the temperature of the hottest surface, 
when it passes through tubes lined with 9-inch brick- 
work, and enters the blast-furnace at a visible red heat, 
about 650°. Of the four stoves. Nos. 1 and 3 and 2 
and 4 are worked in pairs, the blast being on the 
former while the latter are heating. The hot- blast 
main is 3 feet in external diameter, giving a clear air- 
wity of 18 inches within the 9-inch fire-brick liniug. 
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The blast is allowed to pass for two hours, by which 
lime only one-third of the whole surface remains at a 
red heat, below which it is not allowed to cool, in order 
to ensure regularity in the working of the furnace. 

At the hot end, L, the first walls are constructed half 
of ganister, and half of fire-brick. The transverse walls, 
which are 7 inches thick, are built in lumps, ^ 

by 7 inches by 3 inches. All the brickwork is carefully 
laid, the joints being perfectly flushed up with fire-clay. 
The weight of brickwork in each stove is 298 tons. 
The hot blast and gas-valves arc of cast iron, with a 
hollow space between the sides, through which, as well 
as through the seatings, a current of ^'vater circulates, 
care being taken to prevent the blast from impinging 
directly upon the cooled surfaces. When it is desired 
to clean the stove, the gas having been shut off and the 
chimney-valve slightly opened, in order to carry the 
lieat downwards, the first top cleaning-door, f, at the 
hot end is taken ofi*, and the movable plug in the crown 
of the arch, n, lifted. Scrapers with |-inch tubular 
liandles, screwed together to attain the j*ight length, 
are introduced, and the walls on either side are scraped 
down, the dust falling to the bottom. The compart- 
ment being thus cleaned, the door is replaced and lutcJI* 
with fire-clay, and the same process is repeated with 
the doors in rotation while the walls are red hot. The 
side doors, e, at the bottom arc then 023Ciied, and the 
dust detached from the walls is raked out. The oj^cra- 
tion, which takes about nine hours, is repeated every 
two or three months, according to the amount of dust 
brought over by the waste gases. 

In the construction of the stove, a space of 1 inch is 
left between the brickwork and the wrought-ifon 



OF TIIR BLAST FURNACE AND ITS ACCESSORIES. 189 

• 

casing, which is filled with dry clay or granulated slag, 
30 as to allow for any expansion of the brickwork. A 
similar allowance is made at the top. 

By the use of these stoves a very considerable saving 
bas been efiected in the consumption of coke per ton of 
pig iron made, on account of the very high temperature 
^ obtained. The furnace to which they have 
been applied makes 400 tons weekly, with a consump- 
tion of 17^ cwt. of coke per ton. The charge contains 
two-thirds calcined Cleveland stone and one-third red 
hematite, yielding about 48 per cent, of iron. The 
blast is heated to 730^, and temperature of the gases 
at the top is 250^. An adjoining furnace of the same 
size, and working on the same ores, with a blast heated 
to 450^, consumes 22^ cwt. of coke to the ton, and 
gives ofi‘ the waste gases at 470^. 

The amount of heating surface in hot blast stoves 
with cast-iron pipes is usually about one square foot per 
cubic foot of blast passing through per minute when 
fired with coal. With gaseous fuel it is advisable to 
make them from 10 to 20 per cent, larger. 

Presmre Gauges, For low-pressure blast, such as is 
used in small charcoal fuiTiaces, or for determining the 
•&j»nsion of the waste gases, a water gauge is generally 
used, but for the more highly compressed air used in 
furnaces on mineral fuel, mercury gauges are necessary. 
When the blast is at a very high temperature, it is 
necessary to make the observations as quickly as 
possible, or to cool the air down by passing it through 
a tube placed in a current of water, before allowing it 
to come in contact with the mercury. By multiplying 
the indications of the mercurial gauge in inches by 
IS'SQ, the corresponding height measured in water ia 
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obtained, and conversely, inches of water gauge may 
be reduced to mercurial inches by dividing by the same 
constants. When, as is usually the case, the height of. 
the water gauge is expressed in feet and inches, it may 
be reduced to the corresponding pr^^ssure inches 
and lines of mercury by multiplying oy 0*882. The 
amount of blast passing through a twyer is for::'d^t^ 
inultipljniig the velocity of the current passing pei* 
minute or second, as deduced from the pressure, by its 
sectional area. The result must, of course, be corrected 
for temperature, atmospheric pressure, and moisture, 
and for the contraction of the jet at the point of 
efflux. The latter correction varies '^n amount with 
the form of the nozzle, and is somewhat greater for 
cylindrical than conical pipes, and also increases with 
the pressure emplo 3 ^od. As a general rule, the diminution 
of volume from this cause maj'- be taken at about 8 
per cent., and the real amount found bj* multiplying 
the theoretical quantity by 0*92. 

The determination of the amount of blast carried 
into the furnace, from the observations given above, 
may be approximately- found by the following formula, 
given by Weisbach, as a simplification of the more 
exact one deduced by him from Poisson’s law, checketr^ 
by actual experiment ; — 

/T 1-018 

Q = 1179 j 0003()72'7 

where Q = the number of cubic feet discharged per 
second, reduced to the temperature of 10® Centigrade, 
and 30 inches barometrical pressure, F = area of 
twyer, h = observed height of pressure gauge in 
inches of mercury, b = observed height of barometer! 
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The second part gives the correction for the heat of the 
blast, when r = its temperature in Centigrade degrees. 
^ In the first part of the above formula, F is taken in 
square feet, by dividing by 144, or, putting F = 1 square 
inch, we obtain the following simple expression : — 

Q = 8-2 . /T" (2) 

V b 

iiich gives the volume of blast per second per square 
inch of the sectional area of the twyer. The following 
table gives the value of Q for different values of the 

fraction - in formula (2 ) : — 


h 

h 

Q 

h 

t, 

a 

o-oi 

0-B2 

0-80 

449 

•02 

MO 

•85 

4-85 

•Oo 

1 -80 

i -40 

5-19 

•10 

2-59 

•15 

5-50 

•15 

8-18 

•50 

5-80 

•20 

807 

•55 

0-08 

•25 

4-10 

•60 

0*85 


These quantities require to be corrected for temperature 
when hot blast is used by the second part of formula (1). 

The quantity of air passing into a furnace may also 
be decided from the composition of the waste gases 
when the furnace works with a closed top, and the 
whole of the volatile products arc collected. 

Deter?mnafion of the Temperature of the Blast. Mer- 
curial thermometers cannot be used in determining 
temperatures much above 200® or 250® with accuracy, 
owing to the irregular cxjiansion of the mercury when 
its boiling-point. For measuring the high tern- 
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peratures prevailing in blast-furnace operations, me- 
tallic pyrometers of various kinds are employed, 
depending either on the expansion of a single metal, 
or a combination of two, such as iron and copper or 
platinum. These, although convenient, are liable to 
give inaccurate results after a time, from tho metals 
becoming permanently expanded when repe^^c'lly 
heated. 

In practice the temperature of the blast is generally 
determined by its power of fusing metals. This is done 
by exposing a thin rod of the metal to the current in 
the twyer, a hole being made for the purpose in the 
elbow of the branch pipe connecting the twyer with 
the blast main. 

The following are the reputed melting-points of the 
metals available for determining the temperatures of 
hot blast : — 

Degrees. 


Tin 245 

Bismuth 250 

Lead 330 

Zinc 410 

Antimony . . . . .512 


In experiments on the temperature of the interior of 
the furnace, such as those made by Tunner in Styria, 
and Rinman and others in Sweden, alloys of gold and 
silver, and silver and platinum, are used, the increase 
of the melting-point being assumed as directly propor- 
tional to tho increase in the amount of the more 
refractory metal. This method was also used by 
Plattner in determining the temperature of fusion of 
slags. 

The following table contains the meltiifg-point®' 
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of various alloys used for the above purposes by 
Tunner : — 

Degrees. 

9 T<ead + 1 Silver melts at 400 



8 „ 

2 „ 

„ 470 


7 

3 „ 

„ 640 


6 „ 

4 „ 

„ 610 


5 „ 

)* 

„ 680 


4 „ 

6 „ 

„ 750 


3 „ 

7 „ 

„ 815 


2 „ 

8 

„ 885 


1 ,, 

8 „ 

„ 955 


0-6 „ 

9-4 „ 

„ 980 


• 


Degrees. 

or) 

Silver -f 0*5 Gold 

melts at 1,030 

7 

>> 

3 „ 

„ 1,050 

4-5 

ff 

5-5 „ 

„ 1,070 

2 

ff 

8 „ 

„ 1,090 



Fine Gold 

„ 1,100 

9 

Silver + 1 Plutinum 

,, 1,1/5 

8-5 

n 

1-5 

,, 1,250 

8 

ft 

2 „ 

,, l,o2o 

7-6 

tt 

2-6 

1,400 

7 

n 

3 

1,475 

6*.^ 

ft 

3*5 „ 

,, 1,550 

5 

ft 

5 „ 

„ 1,625 


Pouillet’s pyrometric method, which consists in ob- 
serving the increase of temperature produced in a 
weighed quantity of water by plunging into it a mass 
of metal, whoso weight and specific heat are known, 
heated to the temperature to be measured, has also 
been applied to the construction of pyrometers for 
blase furnaces; a ball of copper is used for medium, 
and platinum for higher temperatures. From the 
increase in the sensible heat of tl:e water, the loss 
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experienced by the metal may be found by the follow- 
ing formula : — 

t where 

u? 8 

w = weight of water, t = its increase of temperatin*e, 
w = weight of metal ball, s = its specific heat. To 
this result must be added the observed temperattli^ of 
the water in order to get at that of the furnace. 

Sierneijs’ pyrometer, which is used to a considerable 
extent for measuring hot blast temperatures, is of this 
kind, and is thus described by the inventor : — 

“It consists of a portable vessel, formed of three 
concentric cylinders of thin copper plkte, the space 
between the inner and middle one being filled with 
eowhair, and that between the middle and outer one 
with air, so as to prevent as perfectly as possible the 
loss of heat from the interior. A delicate mercurial 
thermometer is fixed in the interior of the vessel, being 
protected by a perforated shield, and furnished with 
a movable sliding- scale, showing pyrometer degrees, 
each of which is equal to 50® of the ordinary thermo- 
metric scale. For obtaining the temperature, balls of 
copper or platinum are used, which are so adjusted that 
fifty of them would be equal in thermal capacity to an 
imperial pint of water. Each ball is perforated by a 
hole, through which a rod is passed in exposing the 
same to the action of the heat to be measured. Imme- 
diately before using the instrument, an imperial pint of 
water is poured into it, and the slide is so moved that 
the zero point of its scale corresponds with the top of 
the mercury in the thermometer. The ball, after hav- 
ing been exposed to the heat for two or three minutes, 
is plunged into the water. The mercury will then 
be observed to rise, and the absolute measure of tho 
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temperature is obtained by adding the reading on the 
pyrometer scale opposite the new level of the mercury 
to the original temperature of the water before the 
ball was introduced. With a little practice very satis- 
factory results may be obtained with this instrument ; 
but its application is limited to the heat at which the 
metu-T ball is deteriorated; nor can it be used for 
measuring the temperature of inaccessible places.'' 

Another pyrometer, recently invented by Mr. Sie- 
mens, is based upon the property possessed by pure 
metals of offering an increased resistance to the passage 
of an electric current in proportion as their tempera- 
ture increases.* A platinum wire of known resistance 
is wound upon a helical groove on the surface of a 
cylinder of fire-clay, and enclosed within a cylindrical 
casing of platinum if the temperature to be measured 
exceeds the welding point of iron, or copper 
for lower temperatures. Tlie two ends of the coil 
are brouglit endways, and arc attached within the 
tube to thicker wires of copper, insulated for a short 
distance by a coating of pipeclay, and further on, when 
beyond the influence of the heated space, by india rubber 
or gutta percha. Tliese wires communicate with the 
measuring instrument, which may be placed at any 
convenient distance. The latter is a specially con- 
structed galvanometrical arrangement, and is bo gra- 
duated that a reading in degrees on a divided scale 
may be at once obtained. These do not give an abso- 
lute measure of temperature, but the final result is 
taken out from a table calculated for each instrument. 
The pyrometer coil may be either fixed permanently, if 
it is desired to have a means of continuously determin- 
ing the temperature of a particular place, or it may be 
^ * K 2 
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introduced into the furnace through a door or other 
opening for a minute or two, which is sufficient time 
to obtain a reading. The latter is the only metho'd 
available for very high temperatures ; for by continuous 
exposure the protecting ease, even when of platinum, 
would be ultimately destroyed. The electrical- resist- 
ance of platinum wire is increased fourfold by a «3e of 
temperature from 0 to 1650®. 

Position of Hot Blast Stoves, It is in all cases de- 
sirable to place the stoves as near to the furnace as is 
consistent \vith the other requirements of the works, in 
order that the blast may lose as little of its acquired 
heat as possible, by not having to tra^el a long dis- 
tance through pipes exposed to the air. In some in- 
stances, especially in small charcoal furnaces, where 
the stoves are heated by waste gases, they are placed 
on a level with the furnace top, the gases being led in 
by a short flue in order to economise their sensible 
heat, as well as the much greater quantity derived from 
their subsequent combustion. The hot blast main is then 
carried down vertically to the twyers. This practic^e is 
tolerably common in SAvodish and Gennan charcoal fur- 
naces, and appears to be very general in the United 
States, where the blast-engine boilers are often carried 
on the top of high-vaulted stnictures in the same 
manner. Much greater regularity of draught, and 
especially freedom from choking by dust, can be ob- 
tained when the stoves arc placed at the ground 
level, and the gases arc brought down by a suitable 
conduit. 

Arrangement of the Ticyers, The blast coming fiora 
the stoves passes through a ring main, which, in the 
old square-cased furnaces, is carried through ^the cir- 
cular passage traversing the stack pillars ; but in th^T 
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newer forms is generally attached to the columns, 
surrounding the hearth at a certain distance above tlio 
ground. A vortical branch pipe, or f/oose nnck, is led 
off opposite to each twyer hole, and at the proper level 
is turned over at right angles into a horizontal arm, 
to which the blast nozzle, or blowpipe, is attached. 

A, throttle, or slide valve, for stopping or regulating 
the blast, is attached to each branch, as well as to the 
main near the stove. 

In cold blast fiirnaccs the air is led through a conical 
copper nozzle, attached to a branch pipe by a flexible 
leather tube ; but with hot blast it is requisite to make 
all the fittings of metal, and the necessary means of 
adjustment are provided by interposing a sliding or tele- 
scopic tube and a ball-and-socket joint between the end 
of the branch pipe and the twyer. By the former the 
twj^er is set to tlic proper length, while the latter allows 
the direction of the entering blast to be varied, so that 
it bo made level, plunging or rising at pleasure. 

When hot blast is used, it is necessary to protect the 
walls of the hearth from the intense heat generated by 
the energetic combustion going on immediately in 
front of the tw5^ers. This is done by the use of water 
Dwyers, which are hollow, conical, or tapering D-shaped 
tubes, with double walls, which are kept cool by a 
current of water circulating through the interspace. 

Fig. IG represents a hot blast twyer as applied to a 
charcoal furnace at Ehonitz, in Hungary, a is the 
water twyer, fc rined of cast and WTOught iron, with 
double walls, which are cooled by a current of water 
circulating through the inteimediate space, h is the 
blowpipe, which is of sheet iron, and bears against a 
divergent conical orifice placed within the water twyer, 
ikThe lifl^tcr arrangement is not usual, the end of the 
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blowpipe being generally inserted loose in the twyer, 
and the intermediate space stopped with clay. The 
axis of the jet may be made horizon tfil, or to incline 
upwards or downwards by means of the ball-and- 
socket adjustment at c. The end of the twyer is ad- 



Fig. 16.— Hot blast water twyer. RhoTiitz, Hungary. 


vanced or withdrawn by the telescopic joint and setting 
screw at d. The flanged elbow-pipe fits on to the 
vertical branch pipe of the hot blast m^in. At a the 
elbow is perforated by a small hole, having a movable 
shutter, containing a plate of glass or mica, which 
gives a view of the interior of the hearth, or rather of 
the bright spot, or eye, immediately in front of the 
twyer. Through this aperture the fusible metals used 
in trjdng the temperature of the blast are introduced. 

Water twyers are made either entirely of cast or 
wrought iron alone, of a combination of both, or of 
copper or bronze. The water space is usually rectan- 
gular in section, but sometimes a spiral tube of wrought 
iron is used, either alone or set in a casing of cast iron. 
An advantage is claimed for bronze twyers of not 
being readily destroyed by ‘‘ ironing, that is, of being 
melted by the imperfectly-fused masses of metallic iron 
which sometimes adhere to the end of the twyer when 
the furnace is not in good working order, and the 
reduced iron is imperfectly carburised. The removal 
of the adherent masses may be efiected by raising the 
dam, and allowing the cinder to rise above the level of 
the twyers. Leaky water twyers are productive of 
great waste of fuel, owing to the large amount of he&tir 
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absorbed in tbe decomposition of tbo steam produced in 
the hearth. The temperature in the region of fusion 
is consequently lowered, with the production of white 
iron of a low degree of carburisation. When the leak 
is considerable the consequences may become more 
serious, as the water, if it gets into the lower part of the 
hearth, is likely to produce an explosion. 

The number and arrangement of twyers vary very 
considerably. The smaller charcoal furnaces have 
often only two, placed on opposite sides of the hearth. 
Three is a more usual iiiynber, one being placed 
at the back ; «>., opposite to the tjTup, and the 
others at the sides of the hearth. When a larger 
number is used, they are generally placed at equal 
intervals all round the hearth. This method is usually 
adopted in cupola furnaces; but in South Wales, 
where there are many large furnaces with only three 
twycr arches, they are sometimes arranged in series ; 
thus, two will be put through each of the side open- 
ings, and the same number at the back, or three at the 
sides, and one or two at the back, &c. This is done tc 
avoid the use of twyers of an excessive diameter, and, 
by multiplying the points of contact with the fuel, to 
make the combustion more uniform over the entire 
area of the hearth. Sometimes a special twj" er is added 
on the tymp side, for the purpose of removing irregu- 
larities caused by local cooling, and is only used in 
case of the hearth becoming obstructed. 

Met/iods of Colkcting Waste Gases, In small char- 
coal furnaces, working with an open throat, the gases 
are often taken oft* by wrought-iron pipes perforating 
the wall of the furnace about 10 or 12 feet below th<‘ 
•top. This plan is commonly used in Sweden for 
plying gases to mine kilns, hot blast stoves, &c., but 
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can only be practised on a small scale. The supply is 
apt to be somewhat irregular, from the stoppage of the 
holes by the descending charge. A more perfect 
method for the same purpose, is that of contracting the 
throat by the insertion of a cast or wronght-iron cylin- 
der of somewhat smaller diameter than the ring wall, 
so that an annular space at the top is kept clear J^rom 
the materials of the charge, and forms a collecting flue 
for the gases. In order to prc^^eiit the charges from 
blocking up the lower part, it is usual to increase the 
diameter of the shaft bj^ -the amount required to form 
the flue, and the tube restores the furnace to its original 
section. The application of this arrangeyient is shown 
in the charcoal furnace. Fig. 4. 

When it is desired to collect the whole of the gases 
given off at the top of the furnace, it is necessary to 
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work with a closed throat. 
The most generally used, 
and, at the same time, one 
of the simplest contriv- 
ances for this purpose is 
that known as the cup and 
cone, Fig. 17. It consists 
of an inverted conical cast- 
iron funnel fixed to the 


top of the furnace, whose lower aperture is of about 
one-half of the diameter of the throat. An upright 
cast-iron cone is placed in the furnace below the 
cup ; it is suspended by a chain attached to its apex, 
so that it may be raised or lowered at pleasure ; in the 
former position it bears against the bottom of the 
cup, and forms an air-tight stopper, preventing the 
escape of any gas from the top of the furnace, which* 
then finds its way out by proper passages through the,. 
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wall of the fiirnace m the space above the charges 
enclosed by the cup ; but when lowered it allows the 
charges in the cup to be dropped into the furnace, and 
at the same time acts as a distributer. Only the 
small amount of gas that is lost during the time of 
charging is allowed to escape, and as this operation is 
very quickly performed, the current through the mains 
is kept up with great regularity. The cone is suspended 
by an arch-headed lever, carrying a counterbalance at 
the end of the opposite arm. The raising or lowering 
is effected by a pinion, moved by a hand-wheel gearing 
into a segmental rack attached to the counterbalance 
weight. Th% gas passes through a lateral flue into a 
squfii'o wroiight-iron main pipe, or conduit, which dis- 
tributes it to the various pipes feeding the boiler fires 
and hot blast stoves. A modification of the cup and cone 
is in use in Cleveland, where the cone is replaced by 
an external cyliiidric^al stopper, which is lifted during 
the charging time, and lowered when the throat is 
stopped, the object being to allow the charges to occupy 
the space which is necessarily kept empty for working 
the cone on the old system. It was found, however, 
that the working of the furnace was injured from the 
want of a proper distributer for the charges, on account 
of the absence of the cone : when this was supplied by 
suspe nding a conical ring by throe chains to the bottom 
of the plug, regularity in charging was restored. 

In the above methods, the gas is collected chiefly 
from the aides of the furnace, a practice w’hich, as will 
be shown lurther on, is not in all cases to be recom- 
mended. The alternative plan is to collect from the 
centre ; this is usually done by inserting an iron tube 
a short distance down the centre of the furnace, the lower 
end being supported on ribs of brickwork, while the 
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uppt*r jwirt 19 turned over in the form of a siphon, as, 
for example, in the furnace. Fig. 6, at p. 142. The annular 
opening Ix'tweon the tube and the ring wall forms the 
space for charging, an arrangement c^ .iotly the reverse 
of that noticed at p. 179. Only a part of the gases are 
collected by this method. The draught is in some cases 
aided by an exhausting fan. Coingt’s apparatus, in 
use in France, is a combination of the central tube with 
the cup and cone. 

Langen’s apparatus, Fig 18, differs from those 

hitherto considered, 
in being placed above 
the furnace, which 
may therefore be 
kept filled to the 
throat in the same 
manner as one with- 
out any means of 
collecting gases. The 

Fig. J8.~Furnare top, with Lungen’o charger, charging portion is a 

conical ring, whose smallest diameter is equal to that of 
the throat, into which the charges are filled in the usual 
way. The gas tube is also slightly conical, diminishing 
upwards ; the lower end, which is about 5 feet above 
the top of the column of materials in the shaft, is turned 
over into a gutter or water trough. The gases rising 
from the furnace are collected in a bell-shaped tube, 
whose lower end rests in the conical cup at the top oJ 
the furnace, while the upper part is turned over into 
a Kp, which dips into the water trough on the gas tube, 
forming a perfectly air-tight stopper. At the time of 
charging, the bell, which is suspended by chains 
to a lever, is lifted, the upper end sliding on the out- 
side of the gas tube, which forms a kind of telescopic 




OF THE BLAST FURNACE AND ITS ACCESSORIES. 203 

joint. The charges in the cup then fall into the fur- 
nace. In order to keep the water joint tight, it is 
necessary to make good the waste caused by evapora- 
tion from time to time, owing to the high temperature 
of the gases. To prevent the chance of an explosion, 
a safety-valve is placed on the top of the gas tube at 
Of and another on the lateral tube at h. 

Even in furnaces where the gases are not collected, 
the use of a conical charger is attended with consider- 
able advantage. Where the diameter of the throat is 
large, it is customary to fix charging plates inclining 
inwards, immediately within the charging holes, which 
distribute the charges in a similar manner. 

In the charcoal furnaces of Lake Superior and Styria, 
a charging barrow is used, w’hich is constructed exactly 
in the same manner as the cup and cone. The body of 
the barrow is an inverted eight-sided pyramidal cup, 
the bottom being an upright cone, which, when dropped 
by a lever attached to its summit, leaves an annular 
space for the materials to pass out into the furnace, at 
the same time they are directed towards the circum- 
ference of the throat, in sliding over the surface of the 
cone. At B-honitz, in Hungary, charging barrows are 
used having sliding cylindrical sides in addition to the 
dropping conical bottom, so that the charging takes 
place in a ring towards the sides of the furnace as well 
as at the centre. 

Form of the Interior of the Bla^t Furnace, In laying 
out new works at the present time it is usual to build 
the furnaces of a more or less skittle or tub-shaped 
section, all sharply-contrasted slopes being avoided, the 
diameter increasing continuously from the throat to 
•the boshes, and then being contracted in a similar 
manner down to the hearth bottom, without having a 
cylindrical hearth. The form of the body of such a 
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furnace is well represented by a common soda-water 
bottle, supposing tbe neck and the pointed bottom to 
be removed. In Scotland tbe same kind of section is 
used, with the addition of a broad cylindrical hearth. 
In Cleveland slightly-curved stacks, with conical 
boshes and cylindrical hearths, are the rule. In South 
Wales the latter conditions are often reversed, the 
lower part, up to the top of the boshes, being made 
conical, while the stack, which is for a certain distance 
cylindrical, is terminated by a strongly-curved dome. 
In all cases of the above, however, the hearths are of 
considerable breadth. 

In French, Belgian, and German fuiinaces curved 
sections are less common than in this country. A more 
especial characteristic is, however, the small diameter 
of hearth generally adopted, the sides being brought in 
from the boshes in a strongly-curved convex sweep. 
This type, which is usually combined with an extremely 
massive construction of hearth, is very similar in form 
to an inverted claret bottle, having the bottom and the 
greater part of the neck removed; the body, which 
increases from the bottom upwards with a slight taper, 
representing the stack, the shoulder the sweep of the 
boshes, and the narrow neck the hearth. Swedish 
charcoal furnaces are generally of considerable height 
when compared with their diameter ; the hearth and 
boshes form part of the same cone, usually very acute. 
The stack is either wholly or in part cylindrical. In 
Styria the charcoal furnaces used for smelting spathic 
ores resemble those of Sweden by their considerable 
height, as compared with the breadth and the steep 
slope of the conical parts, but are specially distinguished 
by their extremely narrow throats, which in some in- 
stances do not exceed 2^ feet. 

't'he height and other dimensions of blast furnaces 
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vary very considerably in different localities with the 
nature of the ores and fuel. No special rules can be 
laid down as to the form best suited for a particular 
class of ore, experience having shown that the require- 
ments of each class are to be met by special arrange- 
ments. The most useful guide in the construction of 
new fiimaces is furnished by the condition of those 
that have been blown out after working upon the 
same kind of ore. It was by comparisons of this kind 
that the modern barrel-shaped furnace was elaborated 
by Gibbons, in South Stafibrdshirc, from the older 
conical form, the section of the newer furnace being 
modified wheij^ver the action of the fire wus found to 
be strongest : thus square hearths were burnt out to a 
circular form, and the sharp angle at the joining 
of the hearth and boshes was also removed. It was 
therefore apparent that, by altering these parts in con- 
formity with the indications, a double advantage was 
attained, a certain amount of materials being saved, 
while the furnace was sooner brought to its best work- 
ing condition than was the case when it had first to be 
cut into shape by the heat. 

If we consider the nature of the work done in the 
blast furnace with reference to the amount of iron pro- 
duced in a given time, it will be evident that an increase 
of such production can only be obtained from the same 
f/res by passing a larger number of charges through in 
the same time ; this, however, depends upon the facili- 
ties possessed for withdrawing them by fusion at the 
bottom ; for, however great the cubic contents maj- be, 
it is clear that new materials can only be supplied in 
proportion to the speed with which those charged before 
them are removed. 

^ The ‘power of fusion is, however, to be measured by 
the space ofiered for combustion of fuel by the blast. 
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and as in the best condition of work, this space should 
be confined as much as possible to the plane of the 
twyers, it follows that increase of space for more active 
combustion is to be got mainly by augmenting the width 
of the hearth. The amount of such an increase is to be 
determined by the power of the blast, which must be of 
sufficient tension to penetrate to the centre of the 
hearth. 

Greater height may be given to a furnace, either to 
increase its capacity, or to intercept more completely 
the enormous quantity of heat carried upward by the 
gaseous products of combustion. Strictly speaking, 
there should be no combustion of fuel, except in the 
region of fusion, and the space immediately adjoining, 
where the carbonic acid produced at the twyers is con- 
verted into carbonic oxide. The latter gas, and the 
nitrogen of the air consumed, are charged with the 
reduction of the oxides of iron in the ore to the metallic 
stute, and the progressive heating of the materials in 
the upper region of the furnace. The greater the dis- 
tance, therefore, of the upper end of the column of 
materials from the level of most active combustion, the 
more perfectly will the heat be abstracted from the 
gases; therefore, we might expect that the greatest 
economy of fuel would be found in the tallest furnaces, 
and this is practically the case, as exemplified in the 
newer furnaces in Cleveland, which have been succes- 
sively increased from a height of 50 or 60 feet to 70 
feet and upwards, in one instance attaining as much as 
96 feet, with an increased saving of fuel in each case. 
Of course only the sensible heat is abstracted from the 
gases, — ^an amount that is quite independent of the 
further and much larger quantity that may be got by’ 
burning them in air. 
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The conditions limiting the height of the furnace 
are mainly due to the character of the ores and fuel, as 
regards their power of resisting crushing when exposed 
to the pressure of a tall column of materials, and the 
initial velocity of the blast. The favourable results 
given above, as obtained in Cleveland, are due to the 
extremely hard character of the coke employed, which, 
according to Bell, is capable of resisting a crushing 
strain of 5 cwt. per square inch. Very tall furnaces, 
therefore, can scarcely be used with tender fuel, such as 
soft charcoal, or coal, and pulverulent ores. Much of 
the anthracite of South Wales is in the same condition, 
as it decrepitijfes, and is apt to choke up the furnace, if 
not removed by an extra-powerful blast. The furnaces, 
therefore, worked with this fuel, though of large 
diameter, and provided with a great number of twyers, 
are usually of small height. 

The time occupied in the descent of the materials 
from the throat to the hearth is chiefly dependent upon 
the capacity of the furnace. It is of the greatest im- 
portance that this should be so regulated as to insure 
an early commencement of the reduction of the ore to 
the metallic state at a low temperature, otherwise, in 
the event of protoxide of iron and silica coming in con- 
tact with each other in a more highly-heated atmo- 
sphere, a silicate is formed, which is easily fusible, 
but difficultly reducible, and, running down into the 
hearth, forms what is known as a scouring or black 
cinder, at the same time giving rise to white iron. 
The harder a furnace is driven, therefore, the greater 
18 the tendency to deterioration in the quantity of the 
metal produced, owing to the quicker descent of the 
charges ; and it will, therefore, be apparent that when an 
^increa^ed make is desired, larger furnaces should be used. 
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The difficulty of insuring unilormity of temperature 
in circular hearths of large character has led to 
the proposal of a more elongated form, such as an 
ellipse or oblong rectangle ; the latter being adopted 
in Rachctte’s furnace, which was introduced in Russia 
a few years back, and has been tried experimentally in 
other parts of Europe. It is represented in plan and 
section in Figs. 19 and 20. 

The oblong hearth is combined with a sliaft, increas- 
ing regularly in diameter upwards, the section at the 



Eachrtte’s blunt ftirnoc 

Fijf. 19.-“Vertu-Hl Heciioii. Fig. 20. — Plan at twyer level. 


throat being from two and a half to three and a half 
times as large as that measured at the level of the 
twyers. The object of this arrangement, which gives 
a furnace similar in form to a calcining kiln, is to pro- 
duce a more prolonged contact between the gases and 
ihe materials of the charge, by reducing the velocity of 
the upward current. 

The use of drying flues is another new feature in 
Rachette^s furnace ; these are a series of ramifying 
rectangular passages, traversing the outer casing of the 
stack at different levels, which are in connection with 
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similar chamber placed below the hearth. Before 
blowing in, a fire, placed in the chamber, warms up 
the whole of the masonry uniformly, and more quickly 
than can be done on the old system ; afterwards the 
flues maybe used for the reverse purpose of cooling the 
masonry by the circulation of cold air. The twyers, 
from twelv^e to sixteen in number, are arranged in two 
rows, breaking joint with each other, on the opposite 
long sides of the hearth ; a dam and tapping place are 
provided on each of the short sides, so that the removal 
of slag and iron may be effected from cither end. 

In order to obtain greater regularity in the distribu- 
tion of the bljist, the large number of twyers may be 
replaced by a single moutli-piece, with a long, narrow, 
rectangular aperture, which delivers the air in a thin 
stream uniformly along the entire length of the hearth. 
This system of twyer, together with the elliptical form 
of hearth, has been adopted in the construction of. 
cupolas for smelting slags in the Lake Superior copper 
works. In the original furnaces of this class in the 
Ural, the breadth of the hearth at the twyers is 3 feet, 
at the throat 7 feet, height 30 feet, cubic capacity 1,950 
feet, and the daily production, when working on rich 
magnetic ore (67 per cent.), with charcoal and cold 
blast, about 30 tons of grey pig iron. 

The mode of charging has an important influenc€ 
upon the working of blast furnaces : this becomes evi- 
dent when we consider that, in order to obtain regularity 
of action, the descending materials ought to be heated 
uniformly by the upward current of hot gases. This, 
however, is by no moans the case, owdng to the essential 
differences in the character of the tw'o motions, the 
gases following the sides of the furnace close to the 
^all, the flow at the centre being almost imperceptible. 
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Thus, in an open- topped furnace, a wooden pole may l>e 
plunged into the centre of the charge to a depth of 
2 or 3 yards, without being carbonised, while the 
materials adjoining the wall, at the same Icwel, are at a 
red heat. The descent of the charges, however, takes 
place under precisely opposite conditions, the velocity 
being greater at the centre than at the sides, where the 
fragments are retarded by friction against the wall. 
It therefore appears that the central portion of the 
column of materials is likely to be imperfectly heated 
in its passage downward, and to arrive in the region of 
fusion in an unprepared state. 

When the charges are of ore and fuel, deposited uni- 
formly in the throat of the furnace in parallel layers, 
the increased velocity of descent at the centre causes the 
middle of an upper layer to overtake the sides of that 
preceding it, so that at a certain depth below the mouth 
the contents of the furnace are more or less completely 
mixed. But for this circumstance, it would be impos- 
sible to maintain a uniform heat in the hearth, which 
would become alternately hot and cold, according to 
whether fuel or burden happened to be in front of the 
twyers. 

In large furnaces, where it is necessary to drop the 
charges from a certain height into the throat, the dis- 
tribution of the materials becomes complicated by the 
nature of the upper surface of the column in the shaft, 
which may be either a cone raised in the centre, an 
inverted or conical funnel depressed in the middle, or a 
combination of both, such as a conical ring, according 
to the method of charging employed. The charges, 
therefore, instead of being deposited in parallel layers, 
have to accommodate themselves to the inclined sui face 
of the preceding one. • ^ 
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In the simplest of the above cases the charge is 
dropped into the centre of the throat, and forms a 
conical heap, sloping outwards to the circumference at 
an angle varying, with the nature of the materials, 
from about 35° to 40®, the latter being the maximum 
inclination of the talus formed by coke. Owing 
to differences of form and density, the fragments 
of ore and fuel take up different positions in the 
furnace, the foi-mer usually remaining in the place 
where they first strike the surface of the column, while 
the lighter and more voluminous masses of fuel roll 
down the slope until they have established a talus at the 
proper angle ^f repose. It will easily be seen, there- 
fore, that this is the worst possible combination, the 
fuel being mainly distributed towards the circumference, 
where there is a comparatively free passage for the gases, 
while the ore remains in a dense column, impenetrable 
at the centre, and descends without being properly 
heated. When coke is used, the friction of the frag- 
ments against the wall is so great as to increase the 
tendency to form obstructions, or scaffolds, and theii 
attendant e\i], known as slips, when the charge falls, 
owing to the removal of the obstruction, by gradual^ 
increasing pressure from above, and the removal of 
supports below. The ore in the centre, by its greater 
velocity of descent, passes through the fuel charged 
before it, producing an inversion of charge, so that the 
slags change irregularly from white to black, according 
to the preponderance of ore or fuel at the twyers. 

When the charges are thrown in close to the circum- 
ference of the throat, the surface of the column of 
materials forms a conical cup, the lighter fragments 
rolling inwards towards the centre, while the ore re- 
giains at the outside. The tendency is, therefore, for 
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the fuel and larger masses of ore to collect in the 
middle, where it forms a column, which, on account of 
its ready permeahilitj’’ as comi^arcd with the more 
densely-packed ore at the sides, gives n more equable 
draught over the entire horizontal section of the shaft, 
at the same time that the bulk of the ore descends 
slowly through the region of maximum heating by the 
gases, both conditions tending to uniformity of working 
and economy of fuel. When the throat is very wide, 
however, and the furnace low, the draught at the 
centre may become too strong, leading to an unneces- 
sary consumption of fuel hy diverting the gases from 
the sides. The continual contact of metajlic oxides has 
also an injurious effect upon the lining of the furnace, 
as the silica of the biicks is liable to combine with 
protoxide of iron, forming a fusible silicate, by which 
they are rapidly destroyed. 

When a conical funnel or charging plates are used, 
the surface of the column in the furnace presents an 
annular ridge, sloping both towards the centre and the 
circumference, the ores occupying the crest of the ring, 
while the fuel and larger blocks are intermixed at either 
side. This is by far the most lavourable condition for 
uniform working, as the charge and fuel are more per- 
fectly mixed than by either of the preceding methods. 
The use of the movable cones below the funnel, as in 
the ordinary cup-and-cone arrangements, corrects the 
tendency to accumulations at the centre, which is ex- 
perienced when the charging funnel is too much con- 
tracted at its lower end. 

In Sweden, charcoal furnaces with narrow throats 
are charged by hand, the richer magnetic ores broken 
into small pieces are placed in a ring close to the wall, 
while the more siliceous hematites and specular 'ores, 
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well as the limestone flux, are spread uniformly over the 
surface. The charges are weighed in a largo wrought- 
iron scoop with a long wooden handle, which is sus- 
pended by a chain above the top of the furnace. 

Tapping . The molten metal acouinulating in the 
hearth of the furnace is removed at regular intervals 
bv tapping, or piercing a hole through the lower part 
oi the dam, and allowing the metal to flow into sand or 
cast-iron moulds placed in front of the furnace. Before 
tapping, the blast is shut oflT, and the tjunp stopping 
I’omoved. The tap-hole is opened by driving in the 
])oint of a wrought-iron bar, which is held by one man, 
while another* strikes the end with a sledge hammer 
if necessary. The moulds, or pig bc‘ds, usually consist 
of a series of furrows in the sand of the casting floor, 
moulded by wooden cores of a D-shapod section. The 
curved side is placed downwards, and usually has the 
name or mark (brand) of the works attached to it. The 
moulds are arranged in parallel series on either side of 
a central feeder, known as a sow; and as soon as one 
series is filled, the current is allowed to flow into the 
next, and so on until the cast is completed. In Sweden 
cast-iron moulds arc generally used instead of sand. 

When the ores contain lead, a certain quantity may 
be obtained in the metallic state by tapping the hearth 
at the lowest possible point, or by making a hole below 
the hearth bottom, and collecting the metal which finds 
its way through the joints of the stones. In the latter 
case a small fire is kept burning in the hole to prevent 
the lead from solidifying, and it is then allowed to 
accumulate until a sufficient quantity has been obtained 
for a cast. 

Blowing in. When a furnace is quite new, the whole 
jf the masonry must be very carefully dried before it 
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can be lighted. This may require several weeks, ac- 
cording to the state of the atmosphere and the nature 
of the matciials employed. When perfectly dry the 
hearth is filled with wood, and the upper part of the 
furnace, to the top of the boshes, with coke, which is 
then lighted from below. As soon as the fire has burnt 
through to the surface a light charge of ore is given, 
which is repeated when the fire reappears at the top. 

Twelve hours after lighting, a grating of bars, carried 
by an external bearer laid across the rack plates of the 
hearth, is placed within the furnace, a little below the 
level of the tyinp ; the column of materials being thus 
supported, the cinders and ashes of the (;pke filling the 
Inearth are then removed, and the air passing through 
the grate bars, revives the combustion in the upper 
part of the furnace. When the lower part of the mass 
is glowing, the bars are withdrawn, and the ignited 
materials are allowed to fall into the hearth. The fire 
is then slackened by stopping up the fore-hearth as 
before. The same process is repeated at the end of every 
twelve hours, or if it is desired to get the furnace in 
blast quicker, every six hours. 

As soon as the first charge gets down to the hearth 
the dam and twyers are fixed in position, and the blast 
is turned on, cold air, and nozzles of a reduced diameter, 
being adopted at first. The furnace is then filled to 
the throat, as if in regular work; but the weight of the 
charges, as well as the temperature of blast and diameter 
of tv’yers, must be gradually increased, so as to get to 
the proper burden in about seven or eight days. 

W hen several kinds of ore are at hand it is well to 
commence with the poorest, as for the same volume of 
charge the burden will be lighter. 

The above is the old method of scaffolding, ^hich is 
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still used in France. In England a more rapid plan is 
adopted. The top of the wood in the hearth is covered 
by a considerable quantity of coke, followed by alternate 
layers of coke and limestone, the latter for fluxing the 
ash of the fuel, until the furnace is one-third full. 
When the fire is well started, small charges of ore are 
added, and the blowing is commenced with twyers of a 
reduced area. If properly managed, grey iron and 
clean cinders may be obtained from the beginning ; 
but for this purpose it is essential not to increase the 
burden too rapidly, or to drive too hard at first. 

Blowing out. When a furnace is to be put out of 
blast, it is advfsable to reduce the charges as much as 
possible for a short time before, in order to get the 
hearth as hot as possible, so as to remove any metallic 
obstructions. The gas tubes, and all metal fittings of 
the throat, are then removed, and the charging being 
stopped, the contents of the furnace are entirely lique- 
fied by the last charge of fuel. The last tapping must 
be made from as low a point as possible. 

The sides and bottom of the hearth are often found 
to be covered with masses of imperfectly-agglomerated 
malleable iron, the so-called bears, wolves, or sows, and 
isolated crystals, or even large masses of a copper- red 
compound, formerly supposed to be metallic titanium, 
but which has been shown by Wohler to be a cyano- 
nitride having the composition Ti + 3 Ti'^’N. 

Stoppage of Furnace. It may sometimes happen, 
through failure of the blast engine, or a deficiency of 
materials, that a furnace must be stopped for some 
time. This is done by closing up the throat and all 
the twycr holes hermetically with sand or clay. If the 
charge^ have been previously diminished to a certain 
trjctent, so as to keep a good holy of fuel in the furnace, 
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it may be stopped for about a week without serious 
inconvenience ; but if the blast be interrupted for a 
longer period, the cooling takes place to such an extent 
that the furnace becomes blocked up, and would pro- 
bably be obliged to be abandoned. 


CHAPTER IX. 

CAPACITY AM) PHODUCTIOX OF PFAST FURNACES. 

The greatly-increased production of modern, as com- 
pared with older furnaces, is due partly lo their much 
larger si>^c, and partly to more rapid driving, produced 
by giving more blast. Xo general rule can be laid 
down as to the time necessary tor complete reduction 
of the ores previous to their actual fusion and the 
separation of metal and slag by liquation, as it is 
obviously dependent upon many variable elements, such 
as the greater or less density of the ores and fuel, the 
richness of the former, whether they are readily 
reducible, or have a tendency to scorification, &c. This 
point must, therefore, be determined by actual expe- 
riment for each particular furnace, by varying the 
amount of blast and the burden of ore and fluxes, 
until the particular result required, cither in respect 
to quality or quantity of produce, is obtained. Other 
things being equal, the time of reduction will be 
lessened the more perfectly the materials arc exposed 
to the action of the upward gaseous current. It there- 
fore becomes of the greatest importance to render the 
flow of gases as uniform as possible throughout the 
mass, by the use of proper charging and gas-collecting 
appliances. Especial care must be taken that ro 



^CAPACITY AND PRODUCTION OF BLAST FURNACES. 217 

liindrance is offered to the free efflux of the current 
at the top of the furnace. For this reason, these 
methods, based upon the collection of the gases above, 
or in the centre of the charge, are to be preferred to 
such as employ lateral flues, penetrating the wall below 
the level of the throat, whereby the current is diverted, 
without being allowed to give up its heat to the upper 
]nrt of the column of materials above the flues. 

An increase in the volume of blast, keeping the 
pressure constant, has a tendency to put the furnace 
on white iron. By increasing both pressure and tem- 
perature, on the other hand, especially with refractory 
ores, greyer oi^more highly-carburised iron is likely to 
be produced. 

In the table on page 199 the cubic contents and daily 
make of a series of furnaces arc shown, together with the 
effective volumes required to produce one ton daily in 
each case. 

The quantities in the last column but one cannot be 
fairly paralleled with each other, without taking into 
account the differences in the nature of the materials 
employed. Thus, in Nos. 1, 2, and 4, the ores are 
treated almost without fluxes, so that the production of 
slag is reduced to a minimum, whereas in the larges ! 
English and Welsh furnaces, working with a mixed 
burden, the weight of slag considerably exceeds that 
of the iron made. The descent of the charge is quickest 
in the Styrian furnaces, where rich and easily-reducible 
spathic ores pass through the furnace in four and a half 
or five hours. In Wales, on the other hand, in some 
instances, the charges do not arrive in the hearth until 
forty-two hours after the time of charging. In Cleve- 
land the time of descent is about thirty- six hours; while, 
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The sections of the furnace s marked * are given in Fig. 21. 
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in the older blackband ftirnaces in Scotland, it varies from 
two and a half to three and a half days. 

The nature of the work done by blast furnaces can 
only be understood by examining the conditions of pro- 
duction prevailing in different districts. The following 
examples give the working details of a few examples 
selected as types from various localities : — 

At Eisenerz, in Sfyria, the furnaces consist of two 
truncated cones, with a very narrow throat, and 
are distinguished from the ordinary blast furnace by 
being without a fore-hearth, the metal and slag being 
allowed to collect in the hearth, which is comparatively 
shallow, and are tapped off together at* short intervals, 
the number of casts vafying from 5 to IG in twenty- four 
hours. The ores arc chiefly spathic, poor in manganese, 
partly pure, and partly altered into brovm hematite. In 
order to get rid as completely as possible of the suljdiur 
due to the presence of pyrites in small quantities, tliey 
arc allowed to weather for two, three, or more years 
after roasting. The amount of iron varies from 35 
to 55 per cent. The object sought to bo attained is the 
production of white iron, for conversion into bar iron, 
from rich and easily-reduciblc ores, with a minimum 
expenditure of fuel (charcoal). This is done by work- 
ing under a very heavy burden, the tendency to obstruc- 
tions caused by this proceeding being counteracted by 
giving charges of fuel alone at regular in tervfds. Some 
varieties of ore arc of the self-fluxing kind ; but as a 
rule they contain a considerable quantity of lime, re- 
quiring the addition of siliceous and aluminous fluxes, 
such as clay or clay slate. The following arc the 
charges and yields of the two furnaces wdiose sections 
are given in Fig. 21 : — 
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1. Von Frklau^ 8 Furnace ^ Vordcrnberg, The charge 
consists of 5 to 6 cwt. of roasted ore, 10 per cent, of 
clay, and 8 to 10 lbs. of washed metal, Le, granulated 
pig iron, recovered from the slag by stamping and 
washing. The fuel is measured ; 2 tubs, or 15^ feet, 
or about 101 lbs. of soft pine-wgod charcoal being 
employed per charge. The bui’den of ore is gradually 
raised from 3 to 6 cwt. per charge, and then diminished 
similarly, a blank charge of fuel being given at 
each change. The daily production is from 18J to 
20 tons. The twycrs plunge or incline at an angle 
of 5^, so that the furnace fultils, to some extent, the 
functions of a wefinery. 

2. Von Fischer's Furnace ^ Vordcrnberg. This is one 
of the smallest furnaces in the world. (See section, Fig. 
21). The usual charge includes 223 lbs. ore, 15 lbs. 
clay, and 4 lbs. of washed metal, to If tub (13| 
cubic feet or 95 lbs.) of charcoal. The daily produc- 
tion is 7^ tons ; the furnace is tapped at intervals of 
one and a half hours, fourteen charges being made dur- 
ing the same period, including a blank one, i,e, of 
fuel without burden. 

These furnaces are driven at a very high speed. The 
first tapping takes place twelve hours after lighting, 
and afterwards at intervals of two to two and a half 
hours. The burden of ores smelted per tub of 7f feet 
of charcoal varies from 170 to 220 lbs. with cold, and 
from 220 to 250 lbs. with hot blast. The consumption 
of charcoal is from GO to 70 per cent, of the weight 
of the metal produced, or from 13^ to 14 cwt. per 
ton. 

The ores are well adapted for the production of 
spiegeleisen, though they contain less manganese than 
those of a similar kind smelted in Siegen ; but owing 



In the Siegen district the ores smelted are principally 
spathic and brown hematite, with a considerable quantity 
of manganese, together with red schistose hematite, 
partly raised in the neighbourhood, and partly brought 
from Nassau. The products are white and grey pig metal 
and spiegeleisen, all of which are employed in steel- 
making ; the first {weissstrahiig or rohstahleisen) in the 
open fire or puddling furnace, and the others in the 
Bessemer process. Formerly the furnaces were small, 
and chiefly worked with charcoal, but in those of newer 
construction the use of coke and hot blast is found to 
be attended with greater regularity in the composition 
and quantity of the products. The following examples 
give the working details of two of the largest and most 
improved furnaces : — 

Heinrichahutte. The ordinary charge contains, by 
measure : — 

I roasted spathic ores • . 7 cwt. 

f brown hematite . . . 4 „ 

25 to BO per cent, limestone . 3 „ 

The fuel is coke from the Ruhr coal-field, containing 
from 9 to 10 per cent, of ash. Each charge weighs 14 
cwt., and contains from 44 to 48 per cent., correspond- 
ing to a burden of 36 cwt. of ore and flux per ton of 
metal. The daily number of charges is from 58 to 40. 
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. The blast is supplied through three twyers, that at 
the back being 2J, and those at the sides inches 
diameter. The pressure is 3| lbs. per square inch, and 
the temperature from 270® to 300®. About 26 tons 
of a white lamellar metal (roksfaltleisen), suitable for 
conversion into steel, and sheet and wire iron, are pro- 
duced daily, with a consumption of from 20 to 22 cwt. 
ot coke per ton. 

At Charlottenhiitte the charges for spicgeleisen are 
of the following composition : — 

cwt. ^ I 

Eoasted spathic ores . . 28*8 ) yielding from 

Kaw browg hematite . . 7*2 { 44 to 45 per cent. 

„ limestone . . .9*0 

Total charge . . 45*0 

Coke .... 20*0 containing 8 percent. 

of ash. 

Daily number of charges, 36 ; produce, 30 tons ; con- 
sumption of coke per ton, 22 to 23 cwt. ; number of 
twyers, 3; back, 3 inches; sides, 3f inches diameter; 
pressure of blast, 3f lbs. per square inch ; temperature, 
280® to 300°. When working on white forge pig, the 
charge is increased by the addition of Nassau red 
hematite to 50 cwt., and the produce to 35 tons. 

The production of spicgeleisen is facilitated by the 
prevalence of a high temperature in the region of the 
hearth, the use of hotter blast being found to increase 
the quantity of manganese reduced. The metal produced 
under the* conditions given above contained 8 per cent, 
of manganese, which was reduced to 4 per cent, when 
the temperature of the blast was allowed to fall to 
100 ®. 

The Blag must be as nearly as possible neutral, ue 
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having the oxygen of the bases equal in amount to that 
of the silica ; but as the silicates of lime and alumina 
of this form are extremely refractory, the requisite 
fusibility is attained by the partial substitution of other 
bases, such as magnesia, but more particularly protoxide 
of manganese. Silicate of protoxide of manganese, re- 
quiring a very high temperature for its reduction by 
carbon, does not exercise a dccarburising influence 
on molten cast iron to the same extent as the corre- 
sponding silicate of protoxide of iron. 

Owing to their basic character, the slags have a 
tendency to corrode the sandstone hearth of the furnace 
very rapidly. This is counteracted, to a (Certain extent, 
by the use of water blocks surrounding the exterior of 
the hearth at several dificrent levels. 

The amount of manganese reduced also depends upon 
the state of oxidation in which it exists in the ores, 
being greatest when spathic ore is used, and least when 
supplied in the form of manganesiferous hematite. 
Formerly the spiegelcisen of Miisen was produced by 
the treatment of the Stahlberg spathic ore without flux ; 
but since the introduction of limestone into the charge, 
the metal is much richer in manganese. 

The furnaces used in Sweden are in many respects 
similar to the Blauofen of Styria, the fore-hearth being 
small and narrow. Their dimensions are usually small, 
varying from 600 to 2,300 cubic feet. The largest, 
at Sandviken, near Gefle, is 52 feet high, feet 
wide at the boshes, and 6 feet at the throat, with six 
twyers, four of which are used at one time^he other 
two are in the tymp, South Wales fashion. The slags 
and metal are drawn on opposite sides of the hearth, 
an arrangement similar to that of the furnace at Safvenas, 
Fig. 4, so that the iron may be run directly into the 
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Bessemer converters. The clay and quartz lining of 
the hearth is from 6 to 8 inches thick ; it consists of 
from 4 to 6 parts of quartz, mixed with 1 of fire- 
clay. 

The Swedish ores vary considerably in character. The 
best are those known as self-flux^pg, — Le,, containing 
earthy materials in the proper proportions to form a 
fusible bisilicate slag without further addition. The 
ores of Dannemora, Langbanshytta, and Langs- 
hytta arc of this character: they contain from 50 
to 59 per cent, of iron. At the last-named furnaces, 
the charge, with the addition of from 3 to 5 per cent, 
of limestone, •r blast-furnace slag, contains at times as 
much as 60| per cent, of iron. As a general rule, 
the more quartzose hematites and micaceous ores are 
mixed with calcareous magnetites, and fluxed with 
dolomitic limestone, the average percentage of the 
charges being from 35 to 52 per cent. The maximum 
amount of flux, 25 per cent, of limestone, is used in 
smelting the siliceous itubirite of Xora ; and at Taberg, 
where the ore is a serpentine impregnated with mag- 
netite, and the charge contains only 20 per cent, of iron. 

The temperature of the blast docs not exceed 200®, 
the pressure varying from 10 to 15 lines of mercury, 
or at most 20, in the newer furnaces. The gases for 
heating the blast are drawn through an opening in the 
side of the furnace, about 12 or 14 feet below the 
throat ; the stoves are of the horizontal, serpentine, or 
Wasseralfingen pattern, with pipes of circular section ; 
the coil rarely containing more than three or four 
turns. Cold blast is only used at Finspong, in the 
manufactory of gun-foundry iron ; even the Daniie- 
mora furnaces are now worked with blast heated to 
80® or 100® 
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The average weekly production of the Swedish 
furnaces ranges from 700 to 1,400 centners (24 
centners = 1 ton). In excess of these yields are those of 
Langshytta, 2,800 ctr. ; Sandviken, 2,500 ctr. ; and 
Langbanshytta, 1,800 ctr. At Taberg, on the other 
hand, the amount is as low as 600 ctr. The fiimaces 
are, as a rule, only kept in blast during the winter 
months, in 1864 the average was 150 days, when the 
ores and fuel can be easily brought to the works by 
means of sledges. At the mouths of the Lapland rivers, 
some of the furnaces are in connection with saw-mills, 
the blast-engine boilers being fed with the waste slabs 
and sawdust ; the ores and fluxes, in suc?,i cases, being 
brought from the south in the summer time by sailing 
vessels. 

The consumption of charcoal varies with the nature 
of the ore, the average for the whole country being 
from 16 to 17 cwt. per ton of white or mottled 
forge pig, and about one-third more, or from 21 to 22 
cwt. per ton, of grey metal, suitable for foundry or 
Bessemer steel purposes. At Langshytta, the con- 
sumption is as low as 13J to 14 cwt., making white 
and mottled iron. The poor ores of Taberg require as 
much as 50 or 60 cwt. per ton. 

The charcoal furnaces of Lake Superior are notice- 
able for their large productions. At Greenwood fur- 
nace, near Marquette, two classes of ore are smelted — 
namely, brown hematite, containing an average 40 per 
cent., and slaty red hematite, or specular schist, with 
60 per cent. ; the former, although poorer, is preferred, 
as being more easily reducible th^ the harder slaty 
ore. The two qualities are mixed to yield 55 per cent, 
of pig iron. The furnace is 40 feet high, 11 feet 
diameter at the boshes, and 4 feet at the throat ; the 
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gases are collected in a narrow ring flue, enclosed by 
an iron cylinder, remaining open. The blast, at a 
temperature of 330^ and a pressure of IJ to 2 lbs. per 
square inch, is introduced through two twyers of 3| 
inches in diameter on opposite sides of the hearth. A 
variegated crystalline limestone is used as flux, to the 
amount of about 10 per cent, of tb.e weight of the ore. 
The fuel is hard wood, principally maple charcoal, the 
consumption being at the rate of 125 bushels, weighing 
from 16 to 20 lbs. each, or about 25 cwt. per ton of 
pig iron. The ores are not roasted, but all the materials 
are reduced to the size of ordinary road metal by a 
Blake’s rock breaker previously to charging. The 
daily produce in July, 1865, before the furnace had 
arrived at its full make, was from 16 to 18 tons, mostly 
small-grained, dark grey pig, suited for Bessemer steel- 
making and foundry work, especially chill casting, 
such as railway wheels. At Wyandotte Iron Works, 
near Detroit, in a furnace of similar dimensions, 
the consumption of light- wood coals is 140 bushels of 
14 lbs. weight each per ton. The charges are 500 lbs. 
of red slaty ore, 40 lbs. of limestone, from the Niagara 
formation, which is supplied in the form of rolled 
pebbles, and 40 lbs. of forgo cinders ; the average 
yield being 65 per cent. 

The large amount of fuel required by these fur- 
naces has already made a very decided impression on 
the surrounding timber. The average jneld per acre of 
the best timber land on Lake Superior is often 50 to 
60 cords of 128 cubic feet measurement, or about 
2,700 bushels ; a quantity only sufficient to make 20 
tons of pig iron. So that the daily supply of a single 
furnace necessitates the clearing of an acre of forest ; 
or, supposing it to be put down in the centre of a 
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uniformly- wooded district, and to make 16 tons daily, 
two years’ working would be sufiBcient to clear a circle 
of a mile in diameter. It is evident, therefore, that 
even in a densely- wooded country a permanent supply 
of fuel cannot be looked for except where the works 
are placed within reach of rivers or navigable waters. 

In South Staffordshire the make is chiefly grey pig 
for forge purposes, which is afterwards converted into 
bars, plats, and other small varieties of merchant iron. 
The ores employed are partly ‘^native mine,” i.e, clay 
ironstones from the coal measures, and partly brown and 
red hematites from North Staffordshire, Lancashire, 
and other parts. Forge cinders are extensively used 
in the production of common hot blast metal, but the 
best mine pigs are still made with cold blast and coke. 
According to Jones the annual consumption of this 
district is as follows : — 

Ton§. 

Native mine (clay ironstones of the coal measures) . 948,600 
Brown hematite, “hydrate,” or Froghall calcareous 

brown hematite 368,000 

Red hematite, Ulverstone 60,000 

Northamptonshire brown iron ores .... 200,000 
North Staffordshire argillaceous carbonate and blackband 180,000 
Forge and mill cinders 150,000 

1,896,600 

The coals of South Staffordshire are of a non-caking 
class, yielding only a slightly coherent coke, from the 
absence of binding qualities ; therefore the slack cannot 
be coked alone. Of the two principal seams used for 
iron-making, the thick yields 54 per cent, by weight of 
coke, with 0*31 of sulphur and 4-18 of ash ; the lower, 
or heathen coal, contains 0*51 of sulphur and 4’58 of ash. 
Generally the fuel is used partly raw and partly coked. 
The pressure of blast varies between to 3 lbs. per 
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square inch, and the temperature from 300® to 330®, 
except in the small number of cold blast furnaces. 

The flux used is principally Silurian limestone from 
Dudley and Wenlock Edge, and carboniferous limestone 
from North Staffordshire and Derbyshire. 

The average consumption of coal per ton of metal made 
is for hot blast furnaces from 55 to ^0 cwt.,and for coldi 
blast from 60 to 70 cwt., or rather, the corresponding! 
equivalent in coke, besides 2 cwt. of small for cal- 
cining, and 15 to 22 cwt. used in the hot blast stovee 
and steam boilers, very few furnaces in this districi 
being provided with gas-saving apparatus. 

The averagg weight of the charge per ton of pig 
iron is — 

48 cwt. Coal-measure ores. 

7 ,, Red hematite. 

14 ,, Limestone. 

The average yield of 119 furnaces in blast in 1866 is 
stated to have been between 120 and 150 tons each per 


week ; the largest mfiVe. fro m 180 to 250 tons we^H j ; 
but there are only a small number in this class. 


The produce is classified into six numbers as 
follows : — 

Nos. 1, 2. Grey foundry pig. 

,, 3, 4. Grey forge pig. 

,, 5, 6. Mottled and w^hite forged pig. 

According to quality and materials employed, the 
following scale is adopted in South Staffordshire : — 
Common forge pigs. 

,, foundry pigs. 

Best foundry pigs, 

Mine pigs, smelted from ores without cinders. 

Best mine pigs, special brands. 

Hydrates, made from Froghall brown hematite. 

Cold blast pigs. 
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The general conditions of working in the blast fur- 
naces of South Wales are in many respects similar to 
those of South Staffordshire, especially as regards the 
ores which are partly raised on the spot, and partly 
brought from other districts, often at a considerable 
distance. The staple product is white forge pig, which 
is in great part use‘d in the manufacture of rails in the 
local forg€fls. The higher quaKties of metal are taken 
by the tin-plate works, and a few furnaces make cold 
blast pig for founders’ use. The following are the 
principal varieties of ores : — 

1. Native mine, chiefly argillaceous carbonates, with 
some blackband. 

•> 

2. Brown hematites from Llantrissant, Forest of 
Dean, Cornwall, and Northamptonshire. 

3. Red hematite from Cumberland. 

4. Spathic ore from Somersetshire. 

Brown hematite from Spain, and the well-known 
specular ore of Elba, are also used to a small extent, 
being brought back by colliers returning in ballast. 
In the eastern or bitxuninous coal district, the fuel is 
partly raw coal and partly coke, except in the case of 
cold blast furnaces, where the latter is exclusively used. 
Further westward, in the neighbourhood of Swansea, a 
small number of furnaces are worked with anthracite. 
The impurities in some of the principal varieties are as 
follow : — 

Sulphur. 

Anthracite . . . 0-7 per cent 

Coke, Blaenafon . . 0-74 „ 

„ Pontypool . . 0*76 „ 

Forge and mill cinders are largely used in the pro- 
duction of white iron for rails. The following: are a 


Ash. 

9 14 per cent. 
5-35 „ 

1215 „ 
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few of the principal varieties of charges and consump- 
tion of materials per ton of metal produced : — 

Cold blast pigs. Blaonafon. Ponlypool. 

Argillaceous ores (raw) . 72 ^ cwt. (calcined) 40 1 cwt. 
Forest of Dean hematite . — 9 „ 

Limestone . . . 20 • 24 ,, 

Ooke • • . • 54 '2 )) 50"^ 

The average weekly make at Blaenafon is 104^ tons. 
The fuel consumed corresponds to between 3 and 4 tons 
of coal per ton of iron. 

Truran gives the following details of charges em- 
ployed at Do^lais for different makes of pig iron per 
ton : they refer to a period several years back : — 


Quality of ilietal- 

Foundrj". 

v> uiie 
Forge. 

^^uiiimon 

Forge. 

Calcined mine 

. 48 cwt. 

28 cwt. 

— 

Red hematite 

• ““ >> 

10 „ 

16 cwt. 

Forge and refinery cinders 

• 99 

10 „ 

25 „ 

Limestone . 

. 17 „ 

14 „ 

16 „ 

Coal , 

. 60 » 

42 „ 

36 „ 

Weekly make 

. 130 tons 

170 tons 

190 tons 


The capacity of the furnace is about 8,500 cubic feet : 
the blast is supplied at a pressure of 3 lbs. per square 
inch. The estimated time of descent of the charges is 
from forty to forty-six hours. 

In 1863, at the same works, the consumption of coal 
per ton of mine pig made from mixtures in variable 
proportions of argillaceous ore, red and brown hematite, 
was reduced to between 24 and 29 cwt., the make of 
the furnace ranging from 174 to 280 tons, in round 
numbers, per week. The larger yield, corresponding 
to the smaller consumption of fuel, was due to the in- 
creased* richness of the charge from the preponderance 
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of red ore. In the newer large furnaces producing whito 
iron the make is often considerably higher, and ranges 
from 250 to 300 tons weekly. They are mostly of large 
capacity, but vary very considerably in outline. A 
common form is that having a cylindrical body and 
domed top. The usf of the cup-and-cone charger, and 
the economising of the waste gas for steam and hot 
blast purposes, is also very general. 

In the anthracite district the furnaces are of com- 
paratively small volume and height, though the newer 
ones show a tendency to increase in the latter direction. 
As has already been mentioned, the use of tall furnaces 
is attended with difficulty, owing to tht decrepitation 
of the fuel, which gives rise to a closely-packed column 
of materials, only penetrable by a very dense blast. 
Probably Rachette^s pattern of furnace might be 
appHed with advantage in smelting with anthracite. 
The average consumption of fuel is about 44 cwt. per 
ton of pig iron, but in one instance at Yniscedwin it 
has receiitly been brought down to as low as 18 cwt. 

The total number of furnaces in blast in South Wales 
in 1865 was 118; the average weekly make of each 
was 133 tons, not including 9 anthracite furnaces, 
averaging 62 tons each. 

The Cleveland district is remarkable for the large 
size and height of its furnaces, which are entirely 
worked with hard coke from the south of Durham, 
containing on an average from 0*6 to 0-8 per cent, of 
sulphur, and from 4J to 8 per cent, of ash. The ore is 
principally the green argillaceous carbonate named 
after the district, whose composition has already been 
given at p. 78. In some instances red hematite is 
used as a mixing ore, but to a very slight extent. In 
the raw state the Cleveland ore contains from 29 to 32 
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per cent, of iron, which is increased to 40 per cent, on 
calcination. The following figures were given by 
Bcckton as the average composition of charges in 1804 
per ton of pig iron : — 

70 cwt. Cleveland stone. 

15 „ limestone. 

26 ,, coke. 

10 ,, coal for calcining, heating blast and boilers. 

According to J. L. Bell the pressure of blast used in 
1863 was from 3 to 4 lbs., and the temperature 300® to 
350® : the average weekly make varied from 200 to 220 
tons. At Coiasett it is from 420 to 450 tons, and one 
furnace at Norton has made 550 tons. At Ormesby 
45 tons have been got at a single cast. 

The size of the Cleveland blast furnaces has increased 
very rapidly in the last two or three years. In 1863 
the average height was from 42 to 55 feet, and the 
width of the boshes from 14 to 18 feet ; but these 
dimensions are in the newest furnaces increased to 
between 70 and 102 feet high, with a maximum width 
of 27 feet. The Acklam furnaces at Middlesborough, 
which are 70 feet high, 8 feet in diameter at the 
hearth, and 22 J feet at the boshes, with the upper part 
of the body cylindrical, are each capable of holding 
1,250 tons of materials, and make 350 tons of pig iron 
weekly. In all cases a notable saving of fuel has been 
experienced by increasing the height of the furnace, 
the upper part of the column of materials absorbing 
the excessive heat of the waste gases. The latter are 
afterwards used for raising and heating the blast, but 
have not as yet been applied to roasting the ores. 

The average size of Scotch furnaces is stated at 
16 feet* in diameter and 65 feet in height, and their 
• See note on the progressive increase of the Cleveland furnaces, 
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production from 230 to 270 tons weekly. These figures 
probably refer to the blackband districts, as in 1865 
the average of 141 furnaces in the whole of Scotland 
did not exceed 159 tons per week. 

The largest furnaces, considered in regard to produc- 
tion, are those of tie hematite districts of Lancashire 
and Cumberland. The total number in blast in 1865 
was 13, with an average make of 315 tons each per 
week. At Barrow-in-Fumess, the furnaces (whose 
section is given in Fig. 6, p. 142) are 56 feet high, 
7 feet wide at the hearth bottom, 16| feet at the boshes, 
and 17| feet at the throat. The volume is 9,500 cubic 
feet. According to Jordan, in 1864,«the following 
materials were required to make a ton of pig iron : — 


Red hematite (unroasted) . 
Coke from Durham . 
Limestone 

Coal slack for stoves 


. 34 — 34^ cwt. 
. 18 — 18 i „ 


The gases are partially drawn off by a central tube 
and exhausting fans, as described at p. 180, and are ex- 
clusively employed in firing boilers. The blast is sup- 
plied at a pressure of 2 J lbs. per square inch, and a 
temperature of 350 ^, through six 3-inch twyers, the 
volume delivered per minute being about 7,000 cubic 
feet. The maximum production under these conditions 
appears to be about 90 tons per day. Ordinarily, about 
20 tons are obtained at each cast, which takes place at 
intervals of six hours, giving a total amount of 80 tons 
daily. The iron made is converted on the spot into 
Bessemer steel. 

At Kirkless Hall, near Wigan, the same ores are 
smelted under generally similar conditions to those last 
mentioned. A pair of new furnaces recently erected, 
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but not yet lighted, are 80 feet high and 20 feet in 
diameter, with closed tops and cup-and-cone chargers ; 
their capacity is 22,000 cubic feet, or about two and 
a half times as great as the Barrow furnaces. In 
Cumberland the addition of a proportion of the alumi- 
nous ore of .Belfast to the charge, is found to have an 
advantageous eflFect. 

In Belgium the ores smelted are chiefly red and 
brown hematite. The former, a mixture of specular 
and micaceous ore, is known as violet mine ; the latter, 
or yellow miney is mostly ochreous and earthy, 
requiring to be subjected to the processes of crushing 
and dressing# before it is fit for treatment in the 
furnace. A variety of spathic ore, containing a con- 
siderable proportion of carbonate of zinc, found at 
Angleur, near Liege, has the reputation of making an 
extremely strong iron. A large proportion of the 
brovTi hematite is obtained from the oolitic formations 
in Luxemburg, In 1864 the number of furnaces in 
blast and the total production were as follow : — 

46 coke furnaces produced . 444,430 tons. 

6 charcoal furnaces produced . 5,545 ,, 

corresponding to a weekly make of 186 tons per furnace 
on coke, and 18 tons on charcoal : the latter figure is 
probably too low for the period of actual working, as 
these furnaces are rarely in blast continuously for the 
whole year. 

The anthracite furnaces of Pennsylvania are remark- 
able for the high pressure (from 6J to lbs. per 
square inch) of blast employed. The ores are similar 
to the rock mine of Sweden — ?.r., massive magnetite 
and hematite, yielding from 50 to 60 per cent, of iron. 
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The following are the charges and produce of two 
different furnaces : — 

Lehigh. Lackawanna. 

Ore . . 42J cwt. • • SS^ewt. (52percent.) 

Limestone • 29} „ • . 14^,, 

Coal . . 89} . . 38 „ . 

Weekly make 248 tons No. 1 , 1 No. 2) 268 tons (all No. 8). 

In the State of Indiana, the specular and red hema- 
tite ores from Lake Superior, Iron Mountain, and Pilot 
Knob, in Missouri, are smelted with the so-called 6/ock 
coal. This is a free-burning, non-caking splint coal, 
which is highly esteemed for iron-smelling purposes, 
and is used in the raw state. The furnaces are all of 
moderate size, from 50 to GO feet in height, from 12 to 
16, across the boshes, and 5 to 6 feet in width of hearth. 

At Brazil (near Indianapolis), the furnace charges 
employed are as follows : — 

1,545 lbs. mixed ores (hematite, magnetite, scrap, and 
mill cinder, 

475 „ limestone. 

1,800 „ coal. 

The yield is about 68 per cent., the furnace being 
tapped three times in the twenty-four hours. 

The blast is heated by the waste gases to a tempera- 
ture of 370° to 450°, and is delivered under a pressure 
of from three to four pounds to the square inch, througli 
seven twyers, each 3i inches in diameter. 

The average daily consumption of coal is 70 tons, of 
ore 45 tons, and of limestone 16 tons ; the average 
make of pig iron being 28 tons. The consumption of 
coal is therefore about 2^ tons per ton of pig iron, 
made, or, reducing it to its equivalent in cokef, about 
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Ij tons. The conditions of working, therefore, not- 
withstanding the liigh produce of the ores, are not 
nearly so economical as regards consumption of fuel as 
those of the Lancashire and Cumberland furnaces smelt- 
ing hematite. 

The ores, used at this furnace qjc brought from very 
erreat distances, the native ore being more expensive in 
proportion to its produce than the richer hematite and 
magnetite of Missouri and Michigan. 

The estimated make of pig iron in the United States 
from 445 furnaces in blast, in 1868, was as follows, 
classified according to the fuel employed : — 


Anthracite . 

• 

'rons. 

803,000 

Coal and Coke . 

• 

146,000 

Charcoal . 

• 

810,000 



1,840,000 


At Newark, in New Jersey, sinegoleisen is made 
from the residues obtained in the treatment of the 
mixed zinc and iron ores of Franklin, in the same State. 
The ore is an intimate mixture of franklinite and red 
zinc ore, with a massive green variety of willemite or 
silicate of zinc ; it occurs in crystalline limestone, form- 
ing an irregular bed, which in places is 52 feet thick, the 
different minerals being very intimately mixed. A mix- 
ture of finely-crushed ore, with lime and anthracite, is 
boated in an oven-shaped calciner, having a cast-iron 
bed, perforated with numerous narrow slits, through 
which air is blown by a fan in sufficient quantity to 
burn the coal and oxidise the zinc vapour as it forms. 
The oxide of zinc produced in this process passes 
through a long series of condensing tubes and cooling 
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chambers, the current being kept up by exhausting 
fans, until it is sufficiently cooled to be collected in 
bags made of cotton cloth. The residue remaining in 
the furnace after the removal of the zinc is a black 
cindery mass, containing the whole of the iron and man- 
ganese of the franklinite and the silica of the willemite, 
besides some undecomposed zinc oxide ; it is estimated 
to contain 25 per cent, of iron, and 4 per cent, of zinc, 
and is smelted for spiegeleisen. The furnaces employed 
are very small, being only 20 feet high, and 7 feet across 
the boshes ; the hot blast is of about 200*^ temperature, 
and a pressure of four pounds is used. The fuel used 
is anthracite, and some limestone is ad|Jed as a flux. 
Four blank charges of clean slags are made in every 
twenty-four, to prevent scaffolding. Great difficulty 
is experienced in working the furnaces, owing to the 
large amount of zinc remaining in the ore, which 
deposits in the gas flues at the throat, and necessitates 
^he use of an elaborate system of wrought-iron con- 
densers for separating the oxide of zinc from the gases, 
before they can be burnt in the hot-blast stoves and 
steam boilers. The oxide of zinc obtained in cleaning 
out the condenser, being too much discoloured to use as 
paint, is sent to the spelter furnaces for reduction, and 
makes a very high quality of zinc. The consumption 
of fuel is very high, being at the rate of 3 J tons per ton 
of iron. The weekly make of the furnace is about 25 
tons. When making spiegeleisen, the slags are of the 
usual bright green colour characteristic of manganese ; 
but when the furnace is too heavily burdened, and 
produces No. 2 iron corresponding to the German 
weisstrahlig, the colour changes to a deep brown. Owing 
to the large relative proportion of manganese to iron in 
the residues, the spiegeleisen produced is very rich in 
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manganese, and at times is said to contain as much as 
19 per cent. 

The estimated production of pig iron in the principal 
iron-making countries of the world is as follows : — 

Tons. 


the United Ejngdom, 1869 

. 596 furnaces made 5,445,757 

France, 18(59 . 

.450 . , 

1,856,000 

■^North Germany, 1869 

. 860 

1,195,000 

♦United States, 1869 . 

. 445 

1,849,000 

Belgium . 

. 52 

450,000 

*Kussia 

. — , 

300,000 

Austria , 

. — , 

814,000 

Sweden and Norway 

. 258 

240,000 

♦Italy • • • 

• — » 

87,500 

♦Spain 

. — , 

60,000 


Quantities marked * are estimated. 


The following is a more detailed list of the produc- 
tion of pig iron from the mineral statistics for 1869, 
showing the comparative importance of the different 
iron-making centres : — 


Districts. 


Fumaoeg. 

Tong. 

Northumberland and Durham 

• 

. 41 . 

674,448 

Cleveland (N. Biding of Yorkshire) 

51 . 

766,410 

West Biding of Yorkshire . 


23 . 

105,765 

Cumberland and Lancashire 


86 . 

565,769 

North Staffordshire . 


27 . 

218,913 

South Staffordshire . 


95 . 

669,562 

Shropshire (Colebrookdale) 


. 23 . 

197,443 

Derbyshire 


. 81 . 

188,353 

Lincolnshire 


5 . 

88,786 

Northamptonshire 


7 . 

41,500 

Wilts, Gloucester, Somerset 


. 11 . 

81,806 

North Wales 


. 6 . 

88,580 

South Wales • • 


. 112 . 

800,972 

Scotland . • • . 


. 128 . 

1,160,000 



596 

6,446,757 
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CHAPTER X. 

OF THE CONSUMPTION OF FUEL AND DISTRIBUTION OP 
HEAT IN 'HIE B1.AST FURNACE. 

The theoretical distribution of the heat given out by 
the fuel in the blast furnace is found by comparing the 
sensible temperature and weight of the matters dis- 
charged, multiplied by their specific calorific capaci- 
ties, with the heat produced by the combustion of the 
fuel and from other sources, according to the known 
laws of heat. The following example of a calculation 
of this kind, made on a French furnace, and exhibiting 
the results in the form of a debtor and creditor account, 
is taken from an excellent treatise by Do Vathaire, 
recently published (‘‘Etudes sur les Hauts Foumeaux,’* 
chap. vi. 72). 

I. Calculation of the Quantity of Heat ahaorhed in the 
different Operations of the Blast Furnace, 

The carbon burnt in the furnace is employed for three 
different purposes. Those are : — 

1. Heating of fixed and volatile matters, 

2. Reduction of metallic oxides. 

3. Restitution of heat absorbed during the re- 
duction. 

Let us select as an example a furnace working upon 
grey iron (Xo. 3), whose charges yield 40 per cent, of 
pig iron, with a consumption of coke 14 per cent, of 
ash, at the rate of 1,350 kilogrs. per ton (1,000 kilogrs.) 
of pig iron ; the blast being heated to 300°. 

The mean composition of the charge, including the 
ash of the fuel, is as follows ; — 
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Peroxide of iron 1,344 equal to 960 iron, or 1,000 cast iron. 
Silica , . 256 \ 

Lime . . 266 | „ 649 of slag. 

Alumina . . 127 ) 

Carbonic acid . 257 

Water . . 250 

2,500 kilogrs. freight of charge per ton of 
metal. 

Quantify of Heat carried out of the Furnace by the 
liquid Products, The number of units of heat con- 
tained in the products of fusion was found, by the 
calorimetric m^ithod of melting ice, to be — 

330 per kilogr. of grey cast ii’on, and 
550 „ „ slag. 

The total quantity absorbed, therefore, per 1,000 kilogrs. 
of metal and 043 kilogrs. of slag, is 

1,000 X 330 = 330,000 units of heat. 

619 X 550 = 354,750 ,, ,, 

Milking together 684,750 ,, ,, 

Quaniify of Heat carried off by the Tf'^asfe Gases, 
Out of the total amount of 1,350 kilogrs. of coke, 50 
are taken up by the iron, and the remaining 1,300 
(rej)resenting 1,118 of pure carbon) is volatilised, and 
passes out at the throat. To this must be added 70*1 
kilogrs. derived from the carbonic acid of the flux, 
making a total of 1,188 kilogrs. of carbon volatilised 
per ton of pig iron. 

The composition of the waste gases by weight was 
found to*be as follows : — 
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Carbonic acid 12*80 containing 3*491 carbon. 

Carbonic oxide 25*53 „ 12*215 „ 

Hydrogen . 0*07 

Nitrogen . 61*60 15*706 ,, 

100*00 

The amount of carbon in the gases being 15*707 per 
cent., the above quantity of 1,188 kilogrs. represents a 
total of 7,556 kilogrs., which, being discharged at a 
mean temperature of 200°, carry with them the follow- 
ing amounts of heat. This temperature is considerably 
lower than that usually observed in English close- 
topped furnaces. At Clarence, in Durhap, Bell found 
it to be between 500® and 000°. 

Specific Sensible Total units 

Lat. heat. of heat. 

Carbonic and . 12*80 x 0*221 X 200 x ~ 42*810 

Carbonic oxide 25*53 x 0*288 x do. X do. = 111*270 
Hydrogen . -07 X 0*903 x do. x do. =z *958 
Nitrogen. . 61*60 x 0*275 x do. x do. = 256*370 

Water . 250 kilogrs. x 1*00 x 750 = 187*500 

598*908 

The quantity 750 in the last line is made up of the sen- 
sible heat, 200 plus 550, rendered latent by conversion 
of the water into steam. 

Quantity of Heat absorbed in the Reduction of Oxides 
of Iron, The amount of carbon required for the reduc- 
tion of an iron ore is proportional to the number of 
equivalents of oxygen contained, or taking into account 
the difference of atomic weights, is equal to three- 
quarters of the total weight of oxygen, the equivalents 
of carbon and oxygen being to each other as 6 to 8 
Therefore — • 
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Protoxide of iron cntg. 77*78 iron and 22*22 oxygen roquires 214*2 carbon 
Magnetic oxide „ 72-41 „ 27*69 „ „ 285*6 

Peroxide. . „ 70 00 „ 30*00 „ „ 321*75 „ 

per ton of iron reduced. 

The reduction of the oxide in the furnace is entirely 
performed 1^'' carbonic oxide ; bul^ as the carbonic acid 
so produced is, by the secondary action of ignited car- 
bon, immediately rc-coiiverted into carbonic oxide, the 
result is much the same as if it had been effected 
directly by solid carbon, as it is only near the top of 
the furnace, where the tomporature is comparatively 
low and th(^ current rapid, that any carbonic acid can 
exist as siicli. • 

The production of carbonic oxide by the action of 
carbon upon oxide of iron is attended with a consider- 
able absorption of heat. Iron, when burnt in oxygen, 
evolves 0,2 IG units of heat for each litre of oxygen 
consumed (1*430 gi*ammcs). The inverse phenomenon of 
reduction, therefore, renders the same amount of heat 
latent, lint 1 litre of oxygon (1*130 grs.), combining 
with 1 litre of carbon vaj)our (1*077 grs.) to form two 
litres of carbonic oxide, only gives out 1,598 units of 
li(*at, which, deducted from the 0,210 rendered latent, 
leav('8 4,018 as representing the cooling effect produced 
for each litre of oxygen displaced from the iron, and 
converted into carbonic oxide by a consumption of 

1*077 grs. of carbon. 

The consumption of carbon per ton of iron reduced, 
and the heat absorbed, is therefore with 

KiUigrs 

PcTOxido of iron . 321*76 of carbon and 1,368,550 units of heat. 

Magnetic oxido . 285-G „ „ 1,270,227 

Protoxide of irrm . 214*2 ,, „ 870,704 „ „ 

In order to simplify the calculation, the amount of 
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lieat given out on combustion by tbe carbon employed 
in reduction will be for tlie moment neglected, and 
only the absorption of heat by the separation of the 
iron and oxygen brought into account This is for the 
diflFerent oxides as follows : — - 


Oxides. Kiloprg. 

Fnits. 

Kilopre. 

Units. 

Kiloj^rs.' 

Units. 

Fe203 l,O00 

3,298,010 

1,429 

1, 855,700 

1,341 

1,744,358 

Fe“0* 

1,194,300 

1,381 

1,049,300 

1,282 

1,550,342 

Pe 0 „ 

901,840 

1,285 

1,236,000 

1,208 

1,161,840 


Tlie third column in the above table shows the quan- 
tity of heat absorbed in the reduction of a ton of each 
oxide; the fifth, the amount corresponding to the 
quantities of each oxide required to make a ton of iron ; 
in the seventh, a similar scries of quantities calculated 
to the ton of pig iron, supposing it contains 94 per cent, 
of iron and 6 of foreign malters. 

JTrat absorbed by the liedaciion of Vapour of Wafer. 
The hydrogen contained in the gases of the furnace 
is derived from the decomposition of steam introduced 
with the blast. The quantity, *07 per cent, corresponds to 
47,0)66 kilogrs. of steam per ton of metal produced, or 
•00786 of the weight of the air injected, a result corre- 
sponding fairly with the hygrometrical condition of the 
atmosphere at the time. The amount of heat absorbed 
by the separation of 4 596 kilogrs. of hydrogen per ton 
of metal is — 

4-596 X 3J,742 = 159,681 units of heat : 

34,742 being the calorific power of hydrogen burning 
to water. 

II. Calculation of Heat developed in the Furnace. This 
is derived from two principal sources, namely, — 

1. Heat produced by the combustion of fuel ; and, 

2. Heat brought into the furnace by the hot blast. , 
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The heat produced by the combustion of 1 ,1 18 kilogrs. 
of carbon is made up of two quantities, part being 
derived from the formation of carbonic acid, while the 
remainder results from the imperfect combustion of the 
larger portion of the fuel to carbonic oxide. 

In addition to the above quantity of 1,118 kilogrs., 
70 kilogrs. of carbon contained in the gases are derived 
from the carbonates of the charge, making a total of 
1,188 kilogrs., distributed as follows in the gases : — 

A 8 carbonic acid 3*491 per cent, or in 1 , 1 88 kilogrs. 204 kilogrs. carbon. 
„ carbonic' oxide 12*216 „ „ 924 „ 

^15,707 1,188 

From this amount, however, must be deducted the 70 
kilogrs. contained in the carbonic acid of the carbonates 
which has been volatilised as such, and is not derived 
from combustion of carbon in the furnace. The total 
amount disposable for heating purposes therefore be- 
comes — 

194 kilogi’s. burnt to carbonic acid. 

924 „ carbonic oxide. 

Multiplying these by their respective calorific powers, 
we obtain — 

194 X 7,170 = 1,390,980 
924 X 1,386 = 1,280,664 

2,671,644 units of heat 

us the total amount of heat given out by the fuel 
under the conditions of the experiment. 

Heat introchiced by the Blast. The quantity of ail 
blown into the furnace is to be calculated from the pro- 
portion of nitrogen found in the waste gases. 

The amount of nitrogen in the gases is found to be 
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61-6 per cent., air containing 76*9 per cent. The 
amount corresponding to 7,556 kilogrs. of gases evolved 
in the production of a ton of metal is therefore — 


7,556 X 0-616 
0-769 


=r 6060-6 kilogrs. of air. 


Supposing this to be neated to the temperature of 300”. 
the extra amount of heat from this source, the calorific 
capacity of air being 0*2669, is — 


6060-6 X 0*2669 x 300 = 485,272 units of heat. 


The small amount of hydrogen contained in the gases 
is derived from the decomposition of Btram contained 
in the air by ignited carbon. As the amount of heat 
absorbed in this decomposition has been deducted, the 
quantity brought in by the heated water vapour must 
be taken into account as follows : — 


5*2962 kilogrs. of hydrogen contained in the gases corre- 
spond to 47,666 kilogi’s. of water, containing 300° of sensible 
and 550° of latent heat ; or, in all, 

47,666 X (300 + 550) = 41,506 units of heat; 
which, when added to 485,272 ,, ,, 

gives a total of 526,778 „ ,, 

as the contribution of the hot blast to the heat of the 
furnace ; 


or about 20 per cent, of the whole amount of heat ex- 
pended, a theoretical determination which fairly corre- 
sponds with the saving of 20 to 30 per cent, of fuel, 
obtained in practice by the use of hot blast. 

On comparing the two sides of the account, we obtain 
the following balance sheet of heat developed and ex- 
pended per ton of metal. 
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Ca. Cauabb of Ajisobptioh of Heat. 

Unite. 

1 1 oat carried out of furnace by 1,000 Idlog. of molten metal 330,000 
„ „ „ G19 j, slag . 354,750 

„ „ „ the waste gases . - . 598,908 

„ rendered latent by reduction of 1,343 kilog. of peroxide 

of iron . 1,744,358 

,, „ „ 4,696 „ hydrogen 169,681 

• • 

Total amount of beat expended , . . 3,187,697 

De. Sources op Heat. 

Heat given out by combustion of carbon .... 2,671,644 
„ introduced by the hot blast air 526,778 


Totfjl amount of boat employed . , . 3,198,422 

leaving a bafance of 10,725 units unaccounted for — 
ii quantity far within the probable limits of error in the 
computation. A ft'W minor sources and causes of ab- 
sorption of heat have been neglected, fi*om the want of 
numerical data for their calculation. These are ; — 

1. Heat absoi'bed by the reduction of silica, the 
calorific power of silicon being undetermined. If it be 
the same or nearly that of carbon, the reduction of from 
J 5 to 20 kilogrs. of silicon per ion of metal will require 
from 100,000 to 150,000 units of heat. 

2. Latent heat of volatilisation of carbonic acid upon 
the decomposition of the carbonates. This is probably 
trifling in amount, judging from the small quantity of 
fuel consumed in lime-burning. 

8. The cooling caused by the dilatation of the blast, 
from the pressure of 9 or 10 centimetres of mercury to 
that of the atmosphere. 

A source of heat not taken into account is that given 
out by the combination of silica with earthy bases in 
the formation of the slag. 

Supposing now the blast to be hcatqd to 600® instead 
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of 300®, the total available amount of heat becomes 
3, 725^220 — an increase of about 16 per cent, on the 
former quantity. A saving of from 17 to 18 per cent, 
of fuel was effected by the introduction of Cowper^s 
stoves, producing a similar increase of temperature. 
If, therefore, the products of combustion remained un- 
altered, the saving Af fuel would appear to be directly 
proportional to the extra heat introduced by the blast ; 
but this is by no means eertain, and it is probable that 
a part of the economy is due to more perfect combus- 
tion. The heating up the large quantity of inert nitro- 
gen, which in weight considerably exceeds the whole 
amount of solid materials, fuel and flukes taken to- 
gether, before introducing it into the furnace, must ob- 
viously prevent a great waste of heat in the hearth ; and 
this saving would be proportionately greater the less per- 
fect the combustion and the smaller the amount of heat 
developed by the fuel, supposing the temperature of the 
blast to be constant. 

In the particular case before us, it will bo seen that 
only about 17 per cent, of the whole quantity of fuel 
burnt is converted into carbonic acid, with the product 
of a maximum of heat, the remaining 83 per cent, 
giving rise to less than one-half of the total amount 
evolved. Supposing the combustion to have been com- 
plete, 8,016,060 units would have been evolved, so that, 
by the imperfect combustion, two-thirds of the total 
heating power of the fuel is undeveloped. 

The production of carbonic oxide in considerable 
quantity is, however, a necessary condition to the proper 
working of the furnace ; the entire conversion of the 
fuel into carbonic acid could not be allowed, even were 
it possible, as the maintenance of a reducing atmosphere 
is of primary importance. The utmost that can be done 
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is to increase the relative amount of carbonic acid by 
the use of compact fuel in large masses, a fine state of 
division being favourable to the production of carbonic 
oxide, on account of the larger surface and increased 
resistance ofiered to the passage of the gas. 

The effective heating power of the gases may be 
computed from the analyses given above. The calorific 
power of carbonic oxide being 2,478 units, and of 
hydrogen 34,742 units per kilogramme, the total amount 
obtainable from the gases evolved, per ton of coke burnt 
in the furnace, is 3,808,492 units of heat, or as much as 
would be produced from the combustion of 616 kilogrs. 
of coke. It tl^refore appears that 61 per cent, of the 
fuel charged in the furnace remains available in the 
gases. 

If now the consumption of coke be 30 tons per day, 
the gases, if applied to steam boilers, will by their 
combustion raise steam for an engine of 257 horse 
power. As, however, not more than 80 horse power is 
required for working the blast engine, there will evi- 
dently be a sufficiency remaining for heating the stoves 
and other accessory operations. 

Composition, of. the Gases of. the Furnace at different 
Heights. This subject has been investigate at different 
times by Bimsen, Ebelmen, Scheerer, Playfair, Binman, 
Tunner, and others, both in coke, charcoal, and coal- 
fed furnaces. The results arrived at are generally 
similar, allowance being made in the first instance for 
the preucts of distillation where raw mineral fuel ores 
or fluxes are used. The ultimate products include the 
whole of the carbon contained in the fuel, less the 
amount required for carburising the metal produced, as 
carbonic oxide and carbonic acid in combination, with 
the oxy^n of the air blown in at the twyers, and that 
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Bet free by the reduction of the ores, the nitrogen of 
the air, and small quantities of hydrogen and hydro- 
carbons, arising from the decomposition of water vapour 
introduced by the blast. 


Analyses of Waste Gases from the Tops of Blast 
^ Furnaces. 


PERCENTAGE RY TOLT’ME. 

I. 

II. 

IIL 

IV. 

Nitrogen .... 

65*35 

55*62 

6779 

5706 

Carbonic acid 

777 

12*69 

12*88 

11*39 

Carbonic oxide 

25*97 

25*24 

23*51 

28*61 

Marsh gas .... 

3*75 

— 

— 

0*20 

Olefiant gas .... 

0*43 

— 

— 

— 

Hydrogen .... 

6*73 

6*55 

f 

6*82 

2*74 


No. I. Alfreton, Derbyshire, charge containing calcined argilla- 
ceous ore, limestone flux, and raw coal. 

„ II. Audincourt, France, charge containing brown hematite 
and forge cinders, iime.stone flux, wood, and charcoal. 

„ HI. Clerval, France, charge containing brown hematite, lime- 
stone, and charcoal. 

„ IV. Seraing, Belgium, charge containing brown hematite, mill 
cinders, limestone, and coke. 

It will be seen that the principal component of these 
gases is nitrogen, which is brought in by the blast, and 
passes through the column of materials without taking 
part in the chemical changes involved in the reduction 
of the ore and the combustion of the fuel. The propor- 
tion is, however, considerably less than in atmospheric 
air, and as practically none is absorbed, it follows that 
the considerable increase observed in the amount of 
oxygen — ^from 12 to 1 8 per cent, in volume — ^must be 
derived from the solid materials of the charge. The 
principal source of this increase is to be found in 
the decomposition of the oxides of iron in the ore, 
while a further but much smaller quantity may be 
derived from the reduction of silica to silicon in hot 
blast fiirnaces working on quartzosc ores. The pro- 









ocjj^si'MPTiON OF fi:kl^axd distribution of heat. 251 

portion of carbonic acid to carbonic oxide diminishes 
progressively in the gases taken at lower levels, until, 
in the upper part of the hearth, they are found to 
consist almost entirely of nitrogen and carbonic 
oxide. 

According to Tunner, the temj^rature prevailing in 
the Styrian furnaces at a point about 3 inches above 
the twyer level was only 1,450^ when making white 
iron, and 1,750® with grey iron. At the twyers 
wrought iron melted easily, but not platinum, so 
that the temperature was assumed as being higher 
than 1,900®, and less than 2,500®, or about 2,200®. 

The furnac# at Eisenerz, upon which these experi- 
ments were made, the zone of maximum temperature 
was approximately spheroidal, extending inwards and 
upwards for about 6 or 7 inches in front of each twyer. 
It is only within these small spaces that carbonic acid 
is produced by the complete combustion of the fuel. 
The amount of carbonic oxide evolved by combustion 
is greatest with light, easily combustible fuel, such as 
soft-wood charcoal, and a low temperature and pressure 
of blast. In the same way the transformation of car- 
bonic acid into carbonic oxide is more readily effected 
under similar conditions than with harder fuel, such as 
coke or anthracite. In charcoal furnaces, therefore, 
carbonic oxide prevails even at the lowest level, while 
at a very small height above the twyer carbonic acid 
is almost entirely absent. Higher up the quantity of 
the latter gas increases, because in the less highly 
heated parts of the furnace the oxidation of carbonic 
oxide by the oxygen of the ore goes on more energeti- 
cally than the converse reduction of carbonic acid to 
carbonic oxide by carbon. The temperature at which 
the reduction of the ore commences is, in the case of 
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spathic ores, stated to be from 600® to 700®. Reduction 
and carburisation of the metal are more easily effected, 
and with a less consumption of fuel, when charcoal is 
used than is the case with coke, as, although with the 
latter a more intense heat may be obtained in the lower 
part of the furnace, the production of reducing gases 
will be diminished ; for the more compact the fuel, and 
the denser and hotter the blast, the greater will be the 
amount of carbonic acid produced at the twyers, and 
consequently the higher the temperature in the hearth. 
But as the carbonic acid so produced is less easily con- 
verted into carbonic oxide by coke than by charcoal, 
there is likely to be a smaller producl^ion of reducing 
gases. 

The manufacture of pig iron, therefore, is attended 
with a larger expenditure of fuel when coke is used 
than is the case with charcoal, but when only heat is 
involved, as in remelting pig iron for founding, the 
same weight of iron can be melted with a smaller 
weight of coke than of charcoal. 

In furnaces worked with raw coal, the gases, in ad- 
dition to the products of combustion, contain small 
quantities of condensible vapours, especially tarry 
matters and ammonia, which it has been proposed to 
collect and utilise in a similar manner to the waste 
products of gas works. Bunsen and Playfair suggested 
that the ammonia might be collected as sal-ammoniac 
by passing the gases through a chamber containing 
hydrochloric acid. More recently D. Price has proposed 
the injection of finely-divided water into the main gas 
conduit, as well as the use of hydraulic mains, such as 
are employed in gas works for the same purpose. 

The gases of blast furnaces usually carry over a con- 
siderable quantity of finely-divided solid matter in the 
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form of dust, whicli deposits in the throat flues and gas 
culverts, and requires to be removed from time to time. 

The following is the composition of the dust from 
two different localities : — 


Silica 

Dowlais, South 
Wales (Riley). 

. 30*33 . 

Clarence, C'leve« 
land (Bell). 

. 34*82 

Alumina . 

. 8-43 . 

. 16-00 

Peroxide of iron . 

. 47*05 . 

. 8-20 

Peroxide of manganese 1*77 . 

— 

Lime . 

. 2*30 . 

. 12*15 

Magnesia . 

. M3 . 

. 0-57 

Protoxide of zinc 

— 

. 4-60 

Potash 

. 1*80 . 

. 0*40 

8oda . 

. 0*36 . 

. 6*85 

Water 

. 0*93 . 

. 5-60 

Sulphate of lime . 

. 4*42 Sulphuric acid 8*80 

Phosphate of lime 

. 0-75 

Chlorine 1*56 


99-27 

99*55 


At the Concordia furnace, nearAix-la-Chapelle, where 
brown iron ores containing a considerable quantity of 
oxide of zinc are smelted, the gases are simply washed 
by passing them through a pipe of largo section, kept 
about half filled with water, by which means a portion 
of the zinc fume is deposited; suificient is, however, 
kept in suspension to render it necessary to clear out 
all the flues at very short intervals. When the main 
gas pipe at the throat is obstructed, the furnace is 
allowed to go down imtil the top of the column of 
materials is about 9 feet below the charging plate. The 
surface is then cooled with water and covered with iron 
plates, forming a platform for the workmen who are 
employed in clearing out the deposit. The oxide of zinc 
recovered is sold to the neighbouring zinc works. 



CIIAPTEH XI. 

VARIETIES AND COMPOSITION OF PIG IRON. 

The produce of the blast furnace is divisible into seve- 
ral different qualities, which, for practical purposes, are 
determined by the appearances presented by a fresh ly- 
Iractured surface, a certain number of pigs taken from 
each cast being broken for the purpose. The numerous 
gradations in the scale are mainly dependent upon colour 
or degree of greyness, texture or size, of the crystalline 
plates, and their uniformity and lustre. The largest- 
grained brilliant and graphitic dark grey metal is 
known as No. 1 pig, while the smaller-grained va- 
rieties with diminishing lustre and colour are dis- 
tinguished by the higher numbers as far as No. 
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Beyond this point, when the metal ceases to be grey, 
the numerical scale is not used, the remaining quali- 
ties being known as mottled, with a further division in 
some instances into weak and strong mottled, and 
white, the last being the lowest. This classification is 
subjected to flight variations in di^crent districts, as in 
the following examples of scales used in difierents parts 
oi England : — 

Cleveland . . . . Nos. 1 . 2 . 3 . 4 . 4 Forge. Mottled. White. 
Lancashire hematite „ 1 . 2 . 3 . 4 . V. Mottled. Wliite. 

The grey numbers as far as No. 3 are also called 
foundry or melting pigs, the lower qualities, which are 
only adapted Hfir conversion into malleable iron, coming 
into the class of forge pigs. In Lancashire and Cum- 
berland two extra classes are made, known as Bessemer 
iron Nos. 1 and 2. These command higher prices than 
the same numbers in the ordinary scale. 

The relative grey ness or whiteness of pig iron fur- 
nishes no real standard of quality as compared with 
the produce of other districts, but is rather an indica- 
tion of the working conditions of the furnace. Other 
things being equal, white cast iron can be more readily 
and cheaply produced than grey, as the same amount 
of fuel is made to carry a larger burden of ore, and the 
charges are driven more rapidly. As, however, it can 
only be used for forge purposes, wLilc the more expen- 
sive grey metal is available for making either castings 
or malleable iron, it is usually sought to diminish its 
production as much as possible, except in special cases, 
where quantity of make or an extreme economy of 
Fuel is desired. 

White cast iron melts at a lower temperature than 
grey, but becomes less perfectly fluid : in cooling it passes 
through the pasty or semi-fluid condition, and contracts 
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von coMidorably on soHdifioation. Grey cast iron, on 
the other hwid, expands in Iwoming so as to be 

eapaWe of filling up (lie smallest cavities and depres- 
sions of a mould. Wlnm both kinds of metal are con- 
tained in the hearth of a blast furnace at the same 
time, the whitest being the heaviest, ^oes to the 
bottom, and will be found in the first pigs obtained at 
the next east. The method of flowing is also indica- 
tive of the quality of the molten metals to an expe- 
rienced eye. White iron flows in a sluggish stream, 
throwing out brilliant sparks, while the grey foundry 
qualities run perfectly fluid and without sparks. 

In Sweden, and other countries whej^ the practice 
of casting in metal moulds is adopted, the fractured 
surface of the metal, even when perfectly grey, is 
whitened by the chill to a considerable depth. Another 
class of metal often obtained under similar circum- 
stances consists of about equal parts of white columnar 
and fine dark grey iron in alternating stripes, or the 
latter may be interspersed in rugged patches, stars, or 
spots through a white ground. These varieties are in 
great request for conversion into malleable iron, as 
they approximate in character to the mixtures of grey 
pig iron with refined metal that are found to be most 
advantageous for such purposes. The so-called steel 
iron or white columnar pig of Siegen, and the flowery 
pig iron of Styria {hlumiye floss), are of this character. 
Common white iron, made with a heavy burden of 
cinders, is dull in colour, and presents a rough, honey- 
combed appearance on the upper surface of the pig ; 
it usually contains a considerable amount of phos- 
phorus and sulphur, and though very hard, may be 
easily broken. 

In the United States, the white pig iron produced in 
New Jersey from the residues obiuined in the treatment 
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Vl. Spir^eloison ; jNo. VI l. grey i>fssciiicr pig ^o. 2, coke bmcitea irom spiiiaic aua browTi iron ores, noon- 
(lahl, iSiegen. Jordan. 

Til. Spiogeleiscn ; Xo. IX. grey Bcssomer pig, from similar ores, Towlaw, Wcardalo. Kiley. 

Xr. Grey foundry iron, from red hematite, the former from Whitehaven, the latter from Cleator, in Cumber- 
land. Abel. 



ANALYSES OF PIG IRON FROM A'ARIOUS SOURCES. 


MKTM.Lnwj'V OF IRON, 



XVII. Ystalyfera No. 3 hot blast, from argillaceous ores smelted with anthracite. Abel. 

XVIII. South Staffordshire, from native argillaceous mine, Ulverstone red, Dean Forest, and Frogh dl browr 
hematite. Abel. 

XIX. Northamptonshire hot blast white mottle<l. Henry. 

XX. South Wales common white pig ; No. XXI. South Wales grey cinder pig, Noad, 
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of franklinite after the oxide of zinc has been removed 
enjoys a very high reputation for use in the manufac- 
ture of chilled articles, especially crushing and forge 
rolls and stamp heads. In foundries where the re- 
nielting is performed in reverberatory furnaces, dark grey 
iron can be used to advantage, and the quality of the 
metal may be greatly improved by the addition of a 
pu>})ortion of malleable scrap iron. 

The following are the appearances to be noted on the 
fractures of different classes of foundry Iron according 
to Quettier: — 

A moderately large grain of slight lustre, mottled 
with fine patche^having a tendency to whiteness, indi- 
cates the highest degree of resistance. 

A smaller grain, but similarly dull, with a mottled 
grey base, marks the quality of metal best ■suited to 
resist tractive strains. 

♦ A somewhat fibrous grain, terminating in fine jagged 
j)yramidal points on the fractured surface, with a close 
regular grey base, is a mark of great transverse strength 

A fine-grained grey metal, bordering upon mottled, 
when the fracture is small-grained and even, and not 
in flat broad plates, is the best for resisting compression. 

The varieties presenting the least resistance are 
those that are full of graphite of a blackish- grey colour 
and largo brilliant grain, or of an irregular grain upon 
a shining base, and the mottled white kinds in ■w'hich 
there is no granular structure apparent. 

Quettier found that No. 1 Scotch pig reached its 
maximum strength after the eighth melting. Fairbaim 
found that the same point was reached with No. 3 pig 
(Eglinton) after twelve meltings. 

Those varieties of cast iron that are smelted from 
spathic ores containing manganese in considerable 
fpiantityare also white and intensely hard, the frac- 
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tured surface presenting an aggregate of bright lamel- 
lar crystals, sometimes nearly an inch across, forming 
the so-called specular pig (spiegeleiscn). Unlike 
ordinary white iron, it contains a very largo amount of 
carbon, all of which is in chemical combination. The 
circumstances favouring its production have been 
noticed at p. 223. Manganese is always present, but 
the amount may var)'^ very considerably without affect- 
ing the large lamellar crystalline structure. 

Strength of Cad Iron, The resistance of cast iron to 
strains applied in different directions is subject to very*^ 
considerable variation, according to its composition and 
quality. The softest, or No. 1 pig, i» usually deficient 
in strength as compared with the lower qualities made 
I'rom the same ores. It is customary in founding, there- 
fore, to work w’ith two or more different kinds of metal, 
in order to obtain mixtures combining the qualities oL . 
the different components, or sometimes a proportion of 
malleable scrap or refined iron is added to grey iron for 
the same purpose. 

Silicon is generally reputed to be a source of weak- 
ness in cast iron, such as the dark grey No. 1 Scotch 
jng smelted from blackband ; and it is for this reason, 
probably, that hot blast metal is of smaller tenacity 
than that made with cold blast from the same materials. • 

The following are the maximum and minimum limits 
of strength in British pig iron, as deduced from obser- 
vations made at Woolwich in 1856-59 : — 


Minimum. Maximum. 
Specific gravity . . 0*880 . . 7*289 

I’er square inch. 

Tensile strength . . 4*85 tons . 14*05 tons 

Transverse . . . 1*37 ,, . 4*47 „ 

Torsional .... 1*74 „ . 3 - 44 . „ 

Crushing .... 22*54 „ . 58*42 ,, 
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The transverse resistance was measured by the force 
necessary to break a bar of an inch square when loaded 
at the same distance from the point of support. The 
torsional strength was measured by applying a twisting 
strain to a bar reduced to the same ratio at a distance 
of 8 indies froi^ its bearings. , 

The lowest values were obtained with pig iron smelted 
from sandy brown hemat ite, and the highest from hema- 
tite or argillaceous carbonates, either alone or mixed and 
smelted with cold blast. 

The chemical composition of pig iron is subject to 
considerable variation, as will be seen by the preceding 
table, which comprises analyses from the principal 
British and foreign iron-smelting districts. 


CIIAPTER XII. 

METHODS OF MAKING WROUGHT IRON DIRECTLY FROM 
THE ORE, 

The chief modern reprosontative of the blooraeries or 
hearths by which iron was produced from the earliest 
ages down to the introduction of the blast furnace is 
the so-called Catalan or Corsican forge, wlsich still sur- 
vives in the Pyrenees, and a few other isolated localities 
in the South of Europe. As it is of comparatively small 
importance in the economy of modern iron-making, a 
very brief notice will suffice. 

The hearth, or furnace, employed in this process, is 
represented in longitudinal section in Fig. 22. The 
bottom of the hearth is of refractory sandstone, and 
before using, is lined or brasqued with a coating 
of charcoal dust or breeze. The front wall, or face, 
a, is cuiVed outwards so as to increase the capacity 
of the hearth at the top. The opposite side is 
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provided with a twyer made of sheet copper, in- 
clined at an angle of from 30 to 40 degrees. The 
tapping hole for removing the slag is placed 
in one of the side walls, 
which is also covered w’ith an 
iron plate, forming a point of 
support for the tool used in 
working the contents of the 
hearth, and removing the 
spongy mass or ball of iron 
produced. 

The blast is usually produced 
either by a trompe^ or a wooden 
engine with a square piston: 
its pressure never exceeds 1| 
to inches of mercury. 

The method of conducting Fip. .-.-CataUn Fnier>. ^ 

the operation is as follows : — After repairing the 
lining of the hearth bottom, a pile of ore, usually a rich 
and casily-redueible brown hematite, occupying from 
one- third to one-half of the total contents of the 
hearth, is placed at i, parallel to the curved wall, 
the remaining portion, to the twyer wall, being filled 
with charcoal. The w^hole is then covered with char- 
coal dust and small ore {greillade) moistened with water. 

At first only a gentle blast is used, and as soon os 
flame appears at the surface, it is damped by a fresli 
aj)plication of yreillado in order to prevc'iit too rapid 
combustion, and the falling in of the heap before the 
reduction of the oxide of iron to the metallic state 
is eflected. The preliminary stage lasts about two 
hours, after which the blast is turned full on, and the 
slags are tapped off. The workman then pushes the^ 
heap of ore further into the hearth by means of an 
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iron bar introduced between it and the front wall. 
The reduction commences at the bottom of the heap 
with the formation of spongy masses of iron, which, as 
they appear, are pushed forward by the workman 
towards the twyer, in order to facilitate the separation 
of the metal ffom the slag by th^ liquation of the 
latter. The progress of the work is chiefly guided by 
the character of the slags, which are very liquid when 
highly charged w'ith protoxide of iron, and stiff or 
pasty when deficient in bases. In the latter case the 
• necessary fluidity is imparted by the addition of 
finely-divided ore in small quantities, which is 
allowed to disso^ire in the slag without being reduced 
to the metallic state. This is, in fact, one of the essen- 
tial points of the process, a portion of the ore being 
intentionally expended in fluxing the silica, in addition 
to the earthy bases associated with the peroxide of iron, 
in order to obtain an easily-fusible slag, which in its 
turn reacts upon the reduced masses of spongy metal, 
and prevents the assimilation of carbon and the for- 
mation of cast iron. Perfect liquidity of the slag is 
also desirable in order to facilitate its removal during 
the subsequent forging. 

When the wdiole of the charge has been reduced, the 
blast is stopped, and the spongy masses in the hearth 
are worked together into a lump, or ball, w^hich is 
lifted out and carried to the hammer, w^here it is forged, 
or aliiHf/lcdy to a rough bar, or bloom. During the 
first period of the process, w^hile the ore is being re- 
duced, the bloom obtained from the preceding charge, 
after having btH?n cut up into several pieces, is re- 
heated in the upper part of the hearth, and drawm out 
into bars under the hammer. 

The iron produced in the Catalan forge is usuallv 
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more or less hard and steely, though this depends in 
great part on the manipulation. Ly increasing the 
angle of inclination of the twyor, and keeping a large 
amount of slag in the hearth, the decarburisation of 
the spongy mass is facilitated, and a softer iron is 
obtained than is l]\e case when the or<4 is allowed to 
be reduced slowly, and to remain in prolonged contact 
with the fuel ; these conditions being favourable for 
the production of what is known as steely iron, or 
natural steel. 

The slags produced in this process consist essentially 
of tribasic protoxide silicates, the principal base being 
protoxide of iron ; but lime, magncsia,#tnd protoxide of 
manganese arc generally present in greater or less 
quantity. The silica usually exists in the ore in a free 
state as quartz. 

Although the presence of several bases is advan- 
tageous as tending to produce a fluid slag, it is espe- 
ciallj^ necessary that the amount of the earthy bases, *• 
lime and magnesia, should be small, as their silicates 
are too refractory to be properly melted at the tempera- 
ture obtained in the heartli. The conditions governing 
the formation of slags in the Catalan forge are tliereforo 
exactly the reverse of those sought to be obtained in 
the blast furnace, where the scorificalion of protoxide 
of iron is prevented by the use of a large amount of 
lime as a flux for the silica in the charge. It will be 
shown subsequently that the same considerations are 
involved in all processes for the conversion of cast into 
malleable iron. Whenever silica or silicon is present, 
it is always eliminated as a silicate at the expense of a 
portion of the metal, and, at the same time, the highly 
basic silicate so formed, when brought into contact with^ 
molten cast iron, act i upon the combined carbon of the 
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latter, with the production of carbonic oxide and 
metallic iron. It will be remembered that the nearest 
approach to this reaction observed in the blast furnace 
is when the cinder is black and scouring, correspond- 
ing to the production of white iron poor in carbon. 

The weight •of ore treated in a Iftarth of the largest 
size in one operation lasting six hours is about cwt., 
containing 45 to 48 per cent, of iron, the fuel con- 
sumed about 10;^ cwt., and tlie produce of finished bar 
iron about o (^wt. The average consuinjDtion of mate- 
rials per 100 lbs. of bar iron is, of ore 312 lbs., and 
charcoal 340 lbs., or 100 lbs. of ore in good work should 
yield 31 lbs. of t^ar iron, and 41 lbs. of slags contain- 
ing 30 per cent, of iron. Of the total contents of the 
ore, therefore, 71 i^er cent, is reduced to the metallic 
state, while the remaining 29 per cent, is expended in 
the slag. Tlie ore in question contains about 14 per 
cent, of silica. 

• The diutensions of the Ik ' art h vary in different districts ; 
the smallest, or t’alalan fire, in use in the central and 
eastern parts of the Pyrenees, is 20 inches in length 
and breadth, 10 inches total de^nh, 9 inches measured 
from tlie t wyer to the hearth bottom, and takes a charge 
of 3 to 4 cwt. of ore. The Navarrese hearth, employed 
in French and Spanish Isavarre and Guipuscoa, is 30 
inches long, 24 inches broad, and 10 inches deep from 
the twycr to the bottom ; the charge weighs from 5 to 
6 cwt. The largest, or Biscayan hearth, is 40 inches 
long, 30 to 32 inches broad, and 24 to 27 inches in total 
depth, or from 14 to 15 inches below the twyer. The 
charges are from 7 to 9 cwt., as given above. 

Various processes for the direct production of 
wrought iron from the ore have been proposed, differ- 
ing from the Catalan forge, in tlie use of a closed vessel, 
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such as a gas retort or fire-brick chamber, for the 
reduction, which is effected at as low a temperature as 
possible, either by the direct contact of finely-divided 
carbon, or in a current of reducing gases produced by 
the passage of air oyer red-hot coal in a special gas 
generator. The spongy masses of iron* after remoyal 
and cooling under a covering of charcoal, arc welded in 
open hearths or reheating furnaces, with or without pre- 
viously undergoing a mechanical separation from the 
earthy matters by cmshing and treatment with electro- 
magnetic apparatus. As these methods are only appli- 
cable to the treatment of easily-roducible ores, and 
are essentially slow in work, giving Only a small pro- 
duction from a plant of considerable extent, as compared 
with the old open fire, they hayc not as yet been found 
to possess sufficient advantages to be generally adoj^ted 
on the large scale. ^ 

At Santa Ana de Bolueta, in Biscay, Giirlt’s process 
of reducing the rich brown hematite of Sommorosteo^^ 
containing 08 per cent, of iron, by moans of carbonic 
oxide, has been tried with the following results. 1 he 
furnace has a shaft like an ordinary blast furnace, 
communicating with a series of gas generators near 
the bottom. When three charges wore made daily, 
72 cwt. of ore and 18| cwt. of charcoal yielded 28*8 cwt. 
of spongy metallic iron, which was removed while still 
hot in iron barrows, and allowed to cool under a cover- 
ing of charcoal dust. The subsequent welding of the 
sponges or balls was effected in an ordinary Catalan fire, 
the waste being about 50 per cent, by weight, and the 
consumption of charcoal equal to the weight of the 
finished bars produced. The tolal consumption was, 
therefore, per 100 lbs. of bars made, 174 lbs. of charcoal 
and 285 lbs. of ore ; the loss of iron, amounting to nearly 
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one-half, was larp^er ihan in the ordinary Catalan pro- 
cess, but a considerable saving of fuel was effected. 

In India wrought iron is made directly from the ore, 
either in shallow hearths with an artificial blast, or in 
furnaces with shafts, which may be w’orked with a blast, 
'T* by a natural draught, the fortner resembling Ihe 
Catalan forge, while the latter may be compared to 
the lump or wolf furnaces w’hich prevailed in Europe 
before the introduction of the flowing or modern blast 
furnace. In either case the dimensions are small, as 
are also the blooms produced, which vary from 20 lbs. 
to 2 cwt. In the Burmese furnaces, which depend upon 
natural draught, the shaft is excavated in the face 
of a bank exposed to the ])revailing w’ind, from 10 to 
15 feet high, a number of conical pipes or nozzles 
being inserted in an opening at the lower part, corre- 
sponding in position to the tymp in an ordinary blast 
furnace. This primitive system of construction is 
•said to have been used by the ancient Cdtic inhabi- 
tants of the Ehejiish hill countries, heaps of slags 
being found in Kassaii, on the tops of bare swelling 
downs far aw^ay from water-courses, under circum- 
stances wdiich indicate the probability of their having 
been produced in furnaces of this class. 

American Bloomary ProcesK — Although the old 
])roeess of making iron directly from the ore has been 
completely abandoned in Germany, it is still employed 
to a very considerable extent in the United States, 
where it was introduced early in the eighteenth cen- 
tury ; and has latterly been employed in Canada for 
the treatment of the black magnetic and tituniferous 
sands of the Labrador The following description of 
.the process has been given by Ur. Sterry Hunt: — 

The hearth or fuinac<\ also known as the bloomnrv 
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fire, Jersey or Champlain forge, varies in length and 
breadth, in different localities, from 27 by 30 to 28 by 
32 inches, and the depth from 20 to 25 inches above 
the twycr, and from 8 to 14 inches below. The sides 
are made of cast-iron plates, and the bottom usually of 
beaten earth or cillders; but in the be^t-constructed 
hearths a hollow casting, cooled by water, is preferred. 
At East ]\Iiddlebury, in Vermont, the bottom plate is 
4 inches thick, with a hollow space of 2 inches within 
it. The side plates, which are inches thick, are 
slightly inclined inwards, and rest on ledges on the 
bottom plal-e. A water-box, measuring 12 by 8 inches, 
is let into the twyer plate ; and the water, after cooling 
the twycr, passes through the bottom plate. The twyer 
is placed 12 inches above the bottom, at such an 
inclination that the blast may strike the middle of the 
hearth. It is of segmental form, measuring 1 inch in 
height by f inch wide. In front, of the furnace, at a 
height of 16 inches above the bottom, is placed a flat 
iron hearth, 18 inches wide. The side plate beneath it 
is provided with a tap hole, for drawling off* the cinders 
from time to time. The cast-iron plates used in the 
construction of these furnaces last for two years. 

The blast employed has a pressure of from IJ to If 
lbs. to the square inch, and is heated by passing througli 
a stove of the ordinary slphon-iiipe pattern, placed in 
an upper chamber above the furnace, and heated by the 
waste flame. The tcanperat arc at East Middlebury is 
said to be from 280^ to The use of hot blast is 

attended with a considerable saving, both of time and 
fuel, 240 bushels of charcoal being sufficient to produce 
a ton of bloom with hot, while 300 arc required with 
cold blast. The weight of the charcoal may be csti-^ 
mated at from 16 to 18 lbs. per bushel. 
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The working of the furnace is conducted in the 
following manner : — Tlie fire having been made up and 
the furnace heaped with charcoal, the ore, in a coarsely 
pulverised form, is scattered at short intervals over the 
top of the burning fuel, and in its passage downwards 
is reduced to^the metallic state, grains agglome- 
rating to an irregular mass or loup at the bottom, 
while the earthy matters form a liquid slag or cinder, 
which is drawn off from time to time tlirough the 
openings in the front plate. Fresh ore and coal are 
continually added, until at the end of tw^o or three 
hours a sufficiently large loup is formed. This is then 
lifted before thc^twyer to got a good wxdding heat, and 
sliingled to a bloom under the hammer, the reheating 
of which is usually etfected in the same fire. 

In the larger-sized furnaces a loup of 300 lbs. is 
produced every thr(‘e hours, making the produce per 
day of 24 hours 2,100 lbs. of blooms ; in some cases it 

• is said 1,000 lbs., or even more, are produced in 12 
hours. 

The essential difference bctwxen the Catalan and the 
American forge consists in the method of charging. 
In the former the greater part of the charge of ore, in 
comparatively large lumps, is placed at the commence- 
ment of the operation on the sloping wall of the hearth 
o])posite the twyer, only the small ore or greilladehQm^ 
added subsequently. In the American or German 
method, on the contrary, the wdiolc of the ore is reduced 
to a fine state of division, and is added by small por- 
tions — a plan which dispenses with the charging of the 
furnace after each operation, and permits of a continuous 
system of working. 

In order further to economise the waste heat, the 

* plan usually adopted in the Franche-Comt^ fire, of 
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passing ihe flame and gases from two hearths into a 
chamber, which serves for the reheating of the blooms 
when it is required to draw them out into bars, a set of 
small blast pipes, placed just above the forge, serves to 
heat a portion of air, which is led into the chamber to 
burn any carbonic ^xidc gas that may^have escaped. 
The gases from the reheating chamber are afterwards 
employed to heat the principal blast of the forge in the 
usual manner. 

At Ausable, in the State of New York, the ores 
employed are dressed so as to yield about 50 per cent* 
of iron — two tons being required to make one ton of 
blooms; while at the New Russia i^rges, where a 
nearly pure magnetite is smelted, three tons of dressed 
ore are stated to yield two tons of blooms. The loss at 
this rate would not be more than about 5.} per cent, on 
the theoretical contents of the ore — a result which could 
scarcely be obtained by any other method. 

At Moisie, in Quebec, where titaniferous black sand* 
is treated, the results obtained are not so favourable, 
owing to tlie more refractory character of the ore. The 
twyer is laid nearly horizontal, as it was found that the 
strong inclination used with coarser ores could not be 
advantageously used with the fine sands. A less dense 
blast is also used, the average working pressure 
being about 1 lb. to the square inch. Each hearth 
yields eight loups, or about 15 cwt., in the day of 24 
hours ; the consumption of charcoal being at the rate 
of 466 bushels to the ton of blooms. This charcoal is 
chiefly produced from small and light wood, such as 
spruce, fir, and birch, the weight being only 15 lbs. to 
the bushel, about 62^ cwts. being consumed to make a 
ton of iron. 
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This very unfavourable result is due to the imper- 
fectly ckiancd state in which the ore is smelted — the 
quartz, but more especially iho titanic acid, using up a 
large portion of the protoxide of iron, in order to form 
a slag. The amount of titanic acid in the slags is in 
some cases as high as 34 per cent., and the iron from 
40 to 52 per cent. By the use of magnetic machines 
iur separating the ore before treating it in the furnace, 
it would be possible to remove the non- magnetic and 
more highly titaniferous part, which is practically 
worthless, heaving a comparatively pure magnetite, 
which could be much more advantageously smelted. 

The qualitj^ of the iron produced in the bloomary 
fire at Moisic is said to be very superior, as the result of 
experiments made upon it in England show that it 
possesses a tensile strength equal, or superior, to that of 
the best Yorkshire iron, and works easily both cold and 
hot. This excellence is to be attributed to the almost 
perfect freedom of the magnetic sand from sulphur and 
phosphorus. A sample taken from a bloom when 
examined gave only 'U0J)4 per cent, of sulphur, and 
0*184 per cent, of phosphorus, and no trace of tita- 
nium could be found. 


CIIAPTEll XIII. 

REFINING, OR CONVERSION OF GREY INTO WHITE 
CAST IRON. 

When grey cast iron is melted in an oxidising 
atmosphere, the silicon in combination is oxidisixi to 
silica, and separates as a silicate of protoxide of iron, a 
portion of the iron being oxidised at the same time. 



272 


METALLTJBGY OF lllON. 


If tlie metal be run into moulds and suddenly cooled, 
the whole of the carbon enters into combination, with 
the production of a peculiar silverj^^- white metal, which 
is analogous in composition to that smelted from pure 
ores at a low temperature with a high burden of 
materials. The same result may bo obtained by sti*i})- 
ping tliin plates or discs from the bath of molten 
metal by throwing water on to its surface, and sub- 
jecting them to a i*ed heat in contact with air for several 
hours, a process followed in parts of Germany, and 
known as roasting (hratm). The more usual metliod, 
however, consists in melting the metal with coke or 
charcoal in a small hearth of rectangular^ section, with 
one or more inclined twyors, through which cold blast 
air is made to impinge upon the surface of the melted 
metal. This process is known as refining, and the 
furnace, or hearth, as the refinery. The object of the 
operation is to reduce the fluidity of the melted metal, 
as well as to diminish the amount of silicon, or slag- 
making materia], whereby the subsequent treatment in 
tlie puddling furnace is facilitated. The term “ running 
out firc,^^ which apjdies to the refinery, has reference to 
the use of a long cast-iron trough, forming a chill-mould 
lor the metal, which is run out of the hearth as soon as 
the refining has been carried to the proper point. 

The general arrangements of a refinery fire are shown 
in Figs. 2^1, 24, which, together with the accompanying 
description, have been taken from Tomlinson’s ‘‘ Cyclo- 
ptedia.” 

The hearth h. Figs. 23, 24, is feet wide, and 
feet long. It is formed by the junction of four cast- 
iron troughs, I, through which a stream of cold water 
is made to circulate, to prevent them from being fused 
by the heat. The bottom of the crucible is of grit- 
stone or argillaceous sand, and is slightlj^ inclined in 
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the direction of the tapping-hole, o. The air, which is 
usually supplied by the same engine that blows the 
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directed towards the face of the opposite side of the 
fxirnace, not in opposition to the opposite twyer. The 
twyers are furnished with double casings, through 
which cold water is constantly running. A supply of 
water is brought by a pipe into the reservoirs 
whence it passes to the twyers, through thb pipes /, and 
escapes through the tubes into the tanks into 
which the water from the iron trouglis flows by the 
sj^hon tubes c. A furnace of this kind consumes 
about 400 cubic feet of air per minute. This is sup- 
plied by the pipes t, which are furnished with screw- 
valves at 5 for regulating the supply. Above the 
hearth is a chimney 16 to 18 feet high, supported by 
four cast-iron columns, so as to allow free access to 
the fire on all sides. The tapping hole o is placed in 
one of the shorter sides of the hearth, and by it 
the melted metal and the slag flow out into the 
mould c, where the metal is cooled by quenching with 
water. 

In Wales the hearth of the refinery is about 4 feet 
square, and from 15 to 18 inches deep, with two or 
three twyers on either side. In Yorkshire the twyers 
usually alternate with each other on opposite sides, 
two being placed on one side and three on the other. 
The hearth bottom is made of sandstone or fire-brick. 
Sometimes the metal is run in directly from the blast 
furnace, but more usually the charge of selected pigs is 
melted down with coke in the hearth. In the latter 
case, the metal in the form of pigs and scrap is placed 
in alternate laj ers with coke, upon a bed of ignited 
fuel, at the bottom of the hearth, and the blast is 
supplied at a pressure of from 1^ to 2^ lbs., according 
to the combustibility of the coke. In from two to two 
and a half hours^ time, the charge, weighing two tons, is 
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melted. Fresh fuel is then added, and the blowing is 
continued for half an hour, until the metal is sufficiently 
decarburised. The fluid contents of the hearth, metal 
and slag, are then tapped off together into shallow 
cast-iron troughs placed in front, which arc kept cool 
with water.* The usual dimensions of the moulds are 
about 10 feet long, 3^ feet broad, and 6 or 8 inches 
deep. The separation of the slag is facilitated by 
throwing water upon the surface. When the metal is 
run directly from the refinery into the puddling furnace, 
the slag must first bo removed. 

When freshly-fractured fine metal is of a silvery- 
white colour, ftie lower part is compact, with a radiated 
or parallel columnar structure, the top being dull 
and cellular. The usual thickness of the plate of 
metal is about 3 inches to a depth of 1 inch or 1| 
inch. From three to four hours are necessary to work 
off one charge, according to whether the iron is grey 
or white, the former taking the longer time. The con- 
sumption of coke is about 2^ cwt. per ton of pig 
iron operated upon. ^Vhen taken directly from the 
blast furnace, 22’3 cwt. of common forge, or 22’1 
cwt. of good grey cast iron, are required to produce one 
ton of fine metal. In the melting finery the quanti- 
ties are about 20 per cent. more. The slag produced 
amounts to about 3 cwt., and contains from 50 to 60 
per cent, of iron. 

The loss of weight in refining hot blast pig iron, 
from its being more highly charged with foreign 
matters, is greater than is experienced in the treat- 
ment of that smelted by cold blast. The metal pro- 
duced from blackband is especially difficult of treat- 
ment, owing to its comparatively ready fusibility, 
which renders it necessary to continue the blowing for 
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u long time, with a corresponding increase of waste, 
24 cwt. being required to make a ton of fine metal. 
The twyers are usually inclined at an angle of 38 , 
and from 1^ to If inches in diameter : 94,000 cubic feet 
of blast are given per ton when the metal is run in 
from the blast furna:e, but when melted in the hearth 
136,000 feet are required with white, and 153,000 feet 
with grey cast iron. The weekly production of a 
refinery is from 150 to 100 tons in the former, and 
from 80 to 100 tons in the latter case. About 16- 
liorse power is required to furnish the blast. In 
France and Belgium, the consumption of coke is about 
30 per cent, by weight of that of the pig iron refined. 
A hearth with six tw^yors produces 130 tons, and one 
w'ith four twyers only 90 tons of fine metal per w^eck. 

The process of refining may be accelerated in the 
same manner as is usual in all methods of making 
malleable from cast iron, namely, by the addition of 
solid oxygen in the form of rich basic silicates of pro- 
toxide of iron, such as the slags from reheating fur- 
naces, or forge scale, which consists chiefly of magnetic 
oxide of iron. By the use of these fluxes the action of 
the blast is supplemented, and the carbon of the cast 
iron is employed in the reduction of a portion of the 
oxides of iron to the metallic state, with a diminution 
of the loss of iron. The saving is, however, more 
apparent than real, as the essential point of the pro- 
cess is the removal of combined silicon, and this can 
only be efiected by its oxidation to silica, with the 
simultaneous production of tribasic silicate of protoxide 
of iron ; and whether this be done at the expense of the 
metal under treatment, or of the iron reduced by the 
secondary reaction from the rich slags added, is of very 
little consequence, as the latter owe their ori^ to 
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exactly the same kind of destructive action upon 
metal previously operated upon. 

Lime may be beneficially employed as a flux for the 
removal of sulphur, especially that contained in the 
fuel, but its use is restricted by the fact of its giving 
a pasty and comparatively infusibfe slag, except when 
present in very moderate quantity. Manganese works 
in a similar manner, but more efficaciously, and, as 
has been already stated in considering its action in 
the blast furnace, increases the fluidity of the slag. 

In Silesia, the conversion of grey into white cast 
iron is perfonned in the reverberatory furnace, heated by 
gas instead of^olid fuel. The construction is very 
similar to that of the ordinary founder’s reverberatory 
furnace. The bed is made of sand set in an iron frame 
with hollow sides, which is kept cool by a current of 
air passing through it. The firejdacc is replaced by a 
vertical shaft of rectangular section, about 3 feet high, 
which is filled with coal. Air at a pressure of about 
4 lbs. per square inch is admitted through a passage 
close to the level of the floor, and is distributed to the 
fuel through a number of small parallel jets attached 
Jaa wrought-iron pipe. The gas produced by the 
imperfect combustion of the coal is burnt at the top of 
the shaft, which corresponds in position to the fire- 
bridge of an ordinary furnace, by a fresh supply of 
air introduced through a long narrow mouth-piece, 
extending across the entire breadth of the hearth, 
and inclined at an angle of about 30®, so that thi^ 
flame is urged downwards in a thin sheet upon the 
surface of the metal. The charge, weighing two tons, 
takes about three hours to run down, during which 
time the draught is regulated by the stack alone. A 
small quantity of limestone is then added, in order 
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to convert the infusible dross on the surface of the metal 
into slag, after which the blowing proper commences, 
by means of a further supply of air from two twyers 
placed on opposite sides of the hearth, which impinge 
obliquely on the molten metal, producing a movement 
of rapid rotation. The duration of the operation varies 
from two and a half to five hours, according to the 
quality of metal required, the longer time giving a 
perfectly white iron. The loss is only about 6 per 
cent., owing to the use of limestone flux. According 
to Abel, the change is chiefly confined to the elimina- 
tion of carbon and silicon, as in the common refinery, 
sulphur and phosphorus, when present^in the pig iron, 
being but slightly affected. The following are the rela- 
tive proportions of these elements before and after 
refining : — 


Silicon . 

Phosphorus 

Sulphur 


Pig iron. 

. 4*66 . 

. 0-56 . 

. 0 04 . 


licfinod ii’on. 
. 0-62 
. 0*50 

. 0-03 


The amount of silicon remaining is considerable ; but 
this is probably due to the use of limestone instead of 
fluxes containing oxides of iron, the object beiT?" 
merely the production of refined iron for foundry 
mixtures, and not for conversion into malleable iron. 

In Parry’s method of refining, the cast iron operated 
upon is run directly from the blast furnace into the 
hearth of a reverberatory furnace, heated by a coal fire 
in the usual way. The blowing is effected partly by 
air and partly by a jet of steam, introduced through a 
twyer inclined at an angle of 45®. The weight of the 
charge is 35 cwt. of pig iron, and about 7 cwt. of 
forge cinders. A ton of grey iron may be refined by 
steam in half an hour. The jet is three-eighths of an 
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incli in diameter, with a pressure of from 30 to 40 lbs., 
and superheated to 300® — 350®, by keeping the 
orifice about 2 or 3 inches above the surface of 
the iron. Of course, water twyers must be used, as in 
the case of the hot blast furnace. The consumption of 
coal is said tc^ be at the rate of 2* cwt. per ton of re- 
fined metal produced. This is chiefly expended in 
replacing the heat absorbed by the decomposition of 
the steam, which produces great local cooling, so that, 
if the supply be too great, as compared with that of the 
air blast, the iron may be cooled below its melting 
point. 

The followin^analyses of metal and slags, obtained in 
this process at EbbwVale, in South Wales, are byNoad: — 


Pig iron used. 


Carbon, graphitic 
Silicon . 

Slag . 

Sulphur 
Phosphorus . 
Manganese 


. 2-40 . 

. 2*68 . 
. 0-68 . 
. 0’22 . 
. 013 . 

. 0*36 . 


Forgo cindor added. 


Sulphur 
Phosphoric acid 


1-34 . 

2 06 . 


Refined metal. 
. 0*30 

. 0-32 


. 0*18 
. 009 

. 0-24 

Cinder run out. 
. 0-16 
. 013 


The slags obtained are therefore as pure, in respect to 
sulphur and phosphorus, as the ordinary run of Welsh 
iron ores. 

The process introduced by Mr. Heaton, of Langley 
Mill Iron Works, near Nottingham, may be conve- 
niently noticed at this point, as, though intended lor 
the production of steel, it is essentially a modification 
of the refinery, with this difierence, that nitrate of soda 
is employed as an oxidising agent, instead of a blast of 
air. 
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The converter is a wroiigtt-iron c 3 "liiulrioal cupola 
lined witli refractory material, having a movable bot- 
tom, which when in use is kept in place by iron clamps. 
The lower part of the bottom is filled with nitrate 
of soda, in the proportion of 2 cwt. to the ton of 
iron treated. Sometimes, but not alwaj^i, an addition 
of about 25 lbs. of siliceous sand is made. This 
charge is covered over by a closely-fitting per- 
forated plate of cast iron, in order to prevent it 
from floating ivp through the molten metal without 
decomposition. AVhen the bottom is adjusted, molten cast 
iron is introduced through the charging-hole at the top. 
The effect of the nitrate upon the oxidfeablc matter in 
the iron is but slight for about five or six minutes, until 
the covering plate is melted, when a violent ebullition 
takes place, and a bright yellow flame issues from the 
top of the chimney for about a minute and a half more, 
when the action rai)i(lly subsides. The bottom of the 
converter, with its contents, is then detached, and 
removed by a truck, placed below it. The product 
of this operation, which is called cTii(/e steel, is not 
sufiicienlly fluid to be run out into moulds when onlj^ 
small charges of 12 cwt. or 15 cwt. are operated upon. 
The contents of the converter are therefore turned out 
upon the floor, and arc then broken up into lumps of 
convenient size for further treatment. 

This consists of a series of pilings and reheatings in 
an ordinary balling furnace, after being shingled into 
blooms or cakes of crude steel, when iron bars or plates 
are required ; or the cakes may be melted in crucibles 
in the ordinary way to form crucible cast steel. 

Several investigations of the nature of the changes 
taking place in this process have been published, tho 
first being that of the late Dr. W. A. Miller, F.R.S,, 
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who examined specimens taken at 

the Langley Mill 

Works in 1808, 

and has 

given the following ana- 

lyses : — 


A. 

B. 

C. 

Carbon 

• • 


1*S00 

0*993 

Silicon, with a htllc titanium . 

2*or>g 

0*200 

0*149 

Sulphur 


0*113 

0*018 

trace. 

Pliosj)horus . 


1*455 

0*208 

0*292 

Arsenic 


()*011 

0 039 

0-024 

Manganese . 


0*318 

0-090 

0*088 

Calcium 


»» 

0*319 

0*310 

Sodium 


>> 

0*144 

trace. 

Ii’on (by difference) 


92-2{»3 

97*020 

98*144 



100* 

100* 

100* 


A. cupola pig; B. crude steel; C. steel-iron. 


The nature of the above products is not apparent 
from the analyses, as the terms do not seem to be used 
ki the ordinary sense. Thus, the so-called steel iron 
contains as much carbon as a ver}^ strong steel. The 
amount of phosphorus retained, though said to be 
insufficient to injure the quality of the iron, is about 
four times as much as that in the best Yorkshire iron, 
Sr^from ten to fifteen times as much as in Swedish 
Bessemer steel. 

Gruner, who examined ITeaton’s process for the 
purj)ose of testing its applicability to the pig iron 
smelted in the Moselle valley, states tliat the iron and 
steel produced were capable of resisting a high tensional 
strain, but that the elongation before fracture was very 
small, which shows the metal to be hard and deficient 
in body, the defect being most marked in the hardest 
steel, the softer steel and homogeneous iron being com- 
parable to ordinary Bessemer steel, only somewhat 
harder. 
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Giey pig iron, rich in silicon, is less readily purified 
than white, as the silicon is oxidised before the phos- 
phorus. Even in the most favourable case, the re- 
moval of the latter element is very incompletely per- 
lormed, the refined metal retaining about one- third of 
the quantity contaiyed in the pig-iron. ^Gruner there- 
fore suggests, in order to prevent a great waste of 
nitrate of soda, the propriety of removing the bulk of 
the silicon and phosphorus by preliminary treatment in 
an ordinary Welch or reverberatory refinery, the fine 
metal being then run direct into the Heaton converter 
for a further purification with the nitrate. It is doubt- 
ful, however, whether there would bt^ any advantage 
in adopting such a complicated method of treatment, 
and the revival of the use of the refinery for ordinary 
forges would be a decidedly retrograde step. 

The following analyses, illustrating the changes that 
take place both in the ordinary refinery and in the 
Heaton 2)rocess, are by Mr. G. J. Snelus, of Dowlais ^ 



T. 

II. 

III. 

iv. 

V. 

VI. 

Cai'hon, grjijjliitic 
** combiiiud 

. 0-800 \ 
. 1*707 j 

•2-428 

2'oo0 1 
0-410 J 

2*570 

2-001 

1-008 

Silicon 

. 1008 

0*128 

2-000 

1-050 

0*014 

trace 

Sulphur 

• 0'O'5J 

0-144 

0-034 

truce 

trace 

tiace 

Phospliorus 

. 0-88G 

0-815 

0-440 

0-558 

0-489 


Manganese 

. 00.50 

trace 

0*048 

0-8S5 

0-004 

0-072 


I. is an ordinary whito forgo jag iron ; II. the refined metal made 
from it ; IIT. and IV. are two diflereut brands of jiig, mixed logoiher 
to form Ihe charge in the Heaton converter; V. is hard, and VI. is 
soft crude metal from the convertor. 

It will be seen, by comparison of No. II. with Nos. V. 
and VI., that the most marked effect of the nitrate is 
the almost entire removal of the silicon, which is to bo 
attributed to the fluxing effect of the alkaline base. 

Henderson’s method for the production of steel and ' 
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malleable iron from inferior brands of pig, depends upon 
the joint use of titanic acid and fluor spar, whereby 
silicon, sulphur, and phosphorus are said to be wholly, 
or in part, removed. 

The first operation consists in the production of 
titaniferous cast iron of the following composition, by 
fusing 1 ton of Cleveland pig with 7 cwt. of Norwegian 
titaniferous iron ore : — 


Carbon 




. 1-293 

Silicon 

• 



. 1-811 

Titanium . 

• 


• 

. 1-255 

Phosphorus 

• 


• 

. 0-460 

Sulphur . 



• 

. 0-362 


The mci-al from the first operation is charged upon a 
bed of powdered fluor spar, spread uniformly over the 
bottom of a puddling furnace, and when melted, Iho 
fining takes place by the reaction of the fluoride upon 
the silicon and other foreign matters in the charge, so 
that the operation is completely performed under the 
slag, without stirring or manual labour, other than that 
required for balling up the finished iron. The compo- 
^tion of a sample of malleable iron produced in this 
way is given as follows : — 


Titanium . 

• 


• 

. 0-02-2 

Carbon 

• 


, 

. trace 

Silicon 

• 


• 

. none 

Phosphorus 

• 


■ 

. 0140 

Sulphur . 

. 


• 

. 0-062 


This is said to be a good malleable iron, although con- 
taining no carbon, which seems improbable. 

A simpler modification of the process, consists in using 
the titaniferous ore and fluor spar together in the pud- 
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dling furnace at one operation. These are taken in the 
proportion of 48 lbs. of the latter to 118 lbs. of the 
former. They should be ground to a fine powder, and 
charged evenly over the bottom of the furnace. 
475 lbs. of pig iron are then placed on the bed so 
prepared, and the fiy'iiace closed, so as exclude air 
as completely as possible for about an hour and ton 
minutes, the fire being urged to obtain the highest pos- 
sible temperature. After the metal has been in the 
furiiaoe for this period, samples should be taken at 
intervals of five minutes, in order to judge of the 
amount of change produced. It is esseni ial not to stir or 
work the metal during the conversion, the fluor spar 
and titanilerous iron ore become viscid by the heat of 
the furnace as soon as the cast iron melts, and if left 
alone, will remain on the bottom of the furnace until 
decomposed. The time occupied in the conversion of 
the steel, from the charging of the pig iron, is about 
an hour and a half, which may be shortened to thirty 
or forty minutes by adopting the method of previously 
refining the iron, which removes the silica and the 
greater part of the phosphorus. 

Sherman’s refining process, which has been recently 
introduced on an experimental scale, both in America ana 
this country, is based upon the use of iodine or iodide 
of potassium in the puddling furnace, very small doses 
being said to produce great efiects in the removal of 
phosphorus and sulphur. Few of the results hitherto 
published appear to justify this conclusion, and in the 
absence of any good analytical investigation of the sub- 
ject, it is difficult to accept the process as being any great 
advance towards the solution of the problem of making 
good steel from inferior iron, which exercises a strange 
fascination over the minds of a large class of inventors. 
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CHAPTER XIV. 

PRODUCrriON of wrought iron in open FIR15S. 

The numeroiis processes employed an tlie production of 
malleable from cast iron are divisible into two classes, 
according to tbe nature of the furnaces employed, 
oj)e}}-Jirc or hearth finerieSy where the pig iron 
is melted and decarburised in a shallow hearth before 
the blast of an inclined twyer, and reverberatory or 
pxtddHny fiicnvs^v;\\QiTo the same operation is performed 
on the bed of reverberatory furnace. The reactions 
going on during the process are similar in either case. 
The carbon, if it exist originally as graphite, first 
passes into the combined state, and is then converted 
into carbonic oxide cither by the oxygen of the blast, 
directly, or indirectly by the action of protoxide, 
peroxide, or magnetic oxide of iron dissolved in the 
slag. These oxidising agents may be derived from the 
pig iron under treatment, which is always oxidised to a 
certain extent under the influence of the blast during 
the melting, or they may be added in the form of red 
Hematite, forgo scale, or slags eoiitaiiiing protoxide of 
iron in large quantity, such as are produced towards 
!;hc end of the finery process itself. When these 
at ter substances are used, it is necessary to bring them 
’iito intimate contact with the metal by mixing them 
well together when the charge is in a semi-fluid con- 
iition. 

White cast iron is more suitable for conversion into 
nalleable iron than grey, as it does not, when raised to 
a high ternpera^t.ure, pass immediately from the solid to 
he liquid state, but assumes, when near its melting 
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point, an intermediate or pasty condition, favourable to 
the more effectual action of the air or other agents 
employed in the removal of the combined carbon. 
Grey metal, on the other hand, though requiring a 
higher temperature for fusion, becomes very liquid, 
and in a deep heart 1^ sinks below the IovqI of the blast, 
and becoming covered with a coating of slag, is com- 
pletely protected against the action of the air, unless it 
is brought under the influence of the blast by stirring 
or lifting with an iron bar, an operation which in- 
volves great labour, and delays the fining. This gives 
rise to an increased expenditure of fuel and waste of 
iron. No sensible amount of decarburis^ition takes place 
until the whole of the graphitic carbon has entered 
into combination with the iron, or what amounts to 
the same thing, until the metal has passed from the 
grey to the white state : this conversion is an essential 
preliminar)" in all finery processes where the air is 
introduced above the surface of the melted metal. ♦ 
In Bessemor^s process, which consists essentially in 
forcing air through molten pig iron from below, 
exactly the reverse conditions prevail, grey pig iron 
being exclusively used on account of its fluidity, and 
probably from the un combined carbon being readily 
consumed, owing to the extremely high temperature 
at command. As the removal of the carbon is cffocted 
by air alone, the plastic quality of white iron is not 
requisite, and would interfere with the free passage of 
the blast. This process, although of great importance 
in 'steel manufacture, is not directly used in the pro- 
duction of malleable iron ; it will not, therefore, be 
necessary to consider it further in this place, it being 
only mentioned to show the great practical differences , 
in the action of a blast of air upon moll on cast iron, 
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according to whether it he made to act from above or 
below the metal. 

Grey pig iron is often subjected, as a first step in 
the process of making malleable iron, to a preliminary 
oxidising fusion in the refinery or running-out fire, 
which is a Rectangular hearth® with one or more 
strongly-inclined twyers. The molten metal, after a 
(^(Ttain amount of blowing, wliich deprives it of its 
graphitic carbon and silicon, is converted into /7/7eor 
rofined and may cither be run directly into the 

finery furnace or hearth, cast in chilled moulds, or 
stripped in thin flat discs by throwing water upon its 
surface when ir^ltcd. The product is a white brittle 
metal, resembling the cellular or flowery white pig iron 
obtained in charcoal furnaces from a heavy burden of 
rich ores; it differs from common or white cinder pig 
iron in being almost fi’ce from silicon. 

The ajiplication of the terms ////ery and refinrrn is 
♦somewhat contradictory: the latter, though apparently 
of largm’ signification than the former, refers only to 
a single stej) in the process of making malleable iron, 
namely, the conversion of grey into white cast iron. 
In Germany, this operation is distinguished as vhiten- 
wg (weiss machen), and the finery or conversion 
proper of cast into malleable iron as fre.^henwg 
(frischen). The same term is applied to the reduction 
of metallic lead from litharge, an operation known in 
England as rei'iring. In former times hearth fineries 
were usually called blomierivs — a term having refer- 
ence to the form of the product, which was called a 
bloom or lump. Tlie reheating or welding fires were 
called chaferirfi. 

The methods of making malleable iron depending 
upon the use of open fires or hearth fineries, though 
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great interest from their antiquity and comparative 
simplicity, are gradually diminishing in importance, 
owing to the more general use of the reverberatory or 
puddling process, which can be advantageously em- 
ployed with fuel and materials of a lowt r quality, and 
also requires less skill in manipulationj^ owing to the 
more extensive use of machinery in the elaboration of 
the finished product. 

In a general way, the working of a hearth finery 
may bo described as follows : the charge of pig iron, 
usually in the form of broad thin slabs, is introduced 
into a shallow rectangular hearth, whose sides and 
bottom are formed of cast-iron plates/^,which are pro- 
tected against the action of the fire by a lining or 
brasque of charcoal dust. The fuel employed is cliai*- 
coal, the fire being urged by a blast of cold, or some- 
times heated, air, introduced through an inclined twycr 
placed on one of the sides close to the top of the 
hearth. The fusion of the metal is allowed to take 
place very gradually, so that it may be exposed as fully 
as possible to the oxidising influence of the blast by 
falling in single drops through the entire height or 
depth of the hearth. By this means the silicon is 
converted into silica, and together with any sand 
adhering to the surface of the pig, combines with 
protoxide of iron, produced at the same time, forming 
a fusible silicate of protoxide of iron or slag, which, 
being specifically lighter than the molten metal, swims 
above it. As fhe oxidation of the iron continues, tlie 
slag becomes more basic by the addition of magnetic 
oxide in indefinite proportions, which, when the whole 
mass is well liquefied, reacts upon the carbon of the 
metal, producing malleable iron and carbonic oxide. 
Owing to the intensely oxidising atmosphere prevail- 
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ing in the hearth, the production of the silicate goes 
on much more rapidly than its reduction by combined 
carbon, so that the volume of slag increases to such an 
extent as to form a coating sufficient to protect the 
metal from the action of the blast. It therefore be- 
comes necessary to break up the i]tif>n, that is, to lift 
the imperfectly- refined inoHscs from the bottom of the 
heui th to the Uvycr, in order to subject them afresh to 
the joint influences of tlie blast and slag as often as 
may be necessary, until tlie carbon is almost entirely 
•removed. AV^ith the progressive decarburisation, the 
fusibility of the mass diminishes, and ultimately a 
spongy, slightly qpherent mass or hall of malleable iron 
is obtained, which, when removed from the hearth, is 
at a strong white heat, and therefore susceptible of 
being welded, and is immediately reduced to a rough, 
prismatic lump, called a bloomy or a slab, by the blows 
of a heavy hammer moved by steam or water power. 
The bloom is drawn out into a finished bar undei the 
same or a lighter hammer, after reheating either on 
the same hearth during the melting down of the next 
charge, or in a fire or fiumacc of special construction. 

The simple operation sketched out in the preceding 
paragraph is susceptible of numerous modifications. 
Alore than a dozen so-called finery methods have been 
described by Timner as in use at the present day : they 
are for the most part confined to the continent of 
Europe. As ma; be imagined, the differences between 
them are in many cases extremely small, and turn 
rather upon details of manipulation than actual diversity 
in principle or construction of apparatus. The most 
remaikablo point in connection with this subject is 
J-he great diversity of terms used in different districts, 
almost every locality having a complete set of its own, 
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Arhich, as a gencrul rule, are ouly eurroiit within a 
liniiled area. The reason of this becomes apparent, 
when we consider that iron-making in tlie ohhni times 
was carried on in remote districts, ^^■llcre wood and 
water power could be easily obtained, as, for instance, 
in the valleys on tVe flanks of great n^ountain ranges 
of Central Europe, the small size and weight of the 
finished bars, &c., requiring only tlie simplest means 
for convc'vance to market, such as could be found 
in pack animals, without even the necessity for roads 
passable lor wheeled carriages. In this way each 
district may have dcvelojjcd its own process without 
knowledge of what was doing in thcxsame matter else- 
where ; and the local experience would bo incorporated 
as a technical language, whose use would be confined 
to a small class of workmen on the spot. 

The introduction of the puddling furnace, and the 
necessity of good roads for the economic transport of 
materials to and from the forge, have had the cfiect zt 
bringing iron manufacture Irom the seclusion of the 
valley to the high road, and as a consequence of the 
change, an almost exact uniformity of language has 
been introduced, all the terms connected with the 
puddling furnace and rolling mill originating in Eng- 
land having been adopted in foreign countries, in many 
cases even without alteration, or at most have been 
literally translated. 

The gradually-increasing scarcity and consequent 
rise in the price of wood, together with the increase 
of facilities for conveyance of coal to works at a dis- 
tance, have led to the abandonment of the open-fire 
method of finery in many districts, as, for iiistance, in the 
Eifel and Walloon countries ; and even in Scandinavia, 
although carried to a high degree of perfection, it is 
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/giving way before the puddling and other modern 
processes, which are susceptible of greater economy in 
working. 

The numerous methods of hearth finery which have 
been alluded to above may be classified under three 
heads, according to the number f)f times that the 
m^^tal requires to be broken up or lifted, from the me lting 
down of the charge to the jjroparation of the ball lor 
hammering; that is, as single, double, or manifold 
running-down processes {ciinnaly zivcinial, or mchrmnl 

* schwchorci). The distinction between these is in great 
pai’t due to the number of furnaces emplo5"ed. Thus in 
the last, of whiclf the old German or AValloon forge 
may be taken as the typc‘, the three operations of refin- 
ing, or conversion of grey into white metal, lifting and 
lining proper, or breaking up, and the final balling, are 
performed in the same hearth ; in the second, or double 
process, the metal is run into the finery or blooming 
li^arth from a inching finery or running-out fire; and 
in the first, or single process, which is used in Styria 
with Avliite pig iron ai^proximating in composition to 
refined metal, the removal of the combined carbon is 
effected chiefly by special oxidising agents without 
much working before thetwyer : the product is a steely 
iron, whose excess of carbon is afterwards removed by 
subjecting the bloom to several welding heats. 

A further distinction of these pi occ'sscs is founded 
upon the method adopted in working the iron as it fines, 
or, us is said in English, mfitrc, Thus,with nu'tal 
of a good quality, the whole charge may be allowed to 
come up together by lifting and working it in one mass 
before the twyer, whereas with a lower (juality the 
.^larticles of iron, instead of being allowed to coalesce as 
they form, are broken up into several masses, which, 

• after having being refined sejmrately, are worked into 
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one ball as before, or each one may be forged alone 
into a bloom of smaller size. 

Tbc slags produced in the earlier part of the pro- 
cess, as well as those of the refinery, as a rule approxi- 
mate in composition to tribasic silicates of protoxide 
of iron, with variable quantities of jpaanganese and 
earthy bases, according to the character of the pig iron 
under treatment. Towards the end they become more 
basic, and at last a difficultly-fusible substance, contain- 
ing from 75 to 85 per cent, of protoxide of iron, remains 
in the hearth. This, together with the more fluid, but * 
also basic slag expressed from the ball by hammering, 
is employed as a decarburising agent .- 3 

The construction of liearth fineries is subject to a 
certain amount of modification in different localities. 
In the simplest, or old German forge, already alluded 
to, the top of the hearth is near the ground level, and 
the flame escapes directly into an open hood, like that 
of an ordinary smithy fire ; but in the more improv^id 
foims adopted in the Franche Comte and Lancashire 
forges used in Sweden, the hearth proper is covered 
with a cylindrical roof, and communicates by a lateral 
flue with a brick chimney. A portion of tlie waste 
heal of the flame is economised by causing it to pass 
o^x*r the pig iron forming the next charge, which is 
placed in the flue, and is raised to a strong heat, and 
paitly oxidised. It is found that this preliminary 
heating causes a considerable saving, both of fuel 
and time, in the subsequent process of fining, being 
somewhat similar in effect to the refinery. The flame 
is' also used in heating the blast, for which purpose a 
coil of cast-iron pipes is placed, either above the hearth, 
or between it and the base of the chimney stack. 

The Borgamask forgo process, used in the n(‘igh- 
boiirhood of Bergamo, Brescia, and Lecco, in Northern 
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1 1 aly, diflPers froia those already noticed by the large use 
made of oxidising suhstanecs, and may be regarded as 
bearing the same relation to them that the modern or 
boiling system of puddling docs to the original or dry 
process. The charge of pig iron, when melted and 
cleared from tlie supc?rnatant cinder^ is mixed with rich 
forge slag, which reduces it to a pasty consistency, re- 
moved from the hearth, and cooled with water. The 
partially-refined product is then exposed in small por- 
tions in the same hearth, after making up the fire, to a 
low heat, sufficient to agglutinate the iron and cinder 
into a cake, which is again taken out and cooled. In 
the third stage, («ich of these cakes, or coiizzi, is refined 
in the ordinary way, but with the addition of a further 
quantity of rich slag or cinder. 

Owing to the intermittent nature of the process, the 
hearth having to be twice heated and cooled in each 
operation, the consumi)tion of fuel is considerable, being 
•jfcai’ly two and a half times the weight of the finished 
bars. The loss of iron estimated on the pig is per 
cent., or, taking into account that contained in the 
cinder added, from 18 to 19 per cent. The charge 
weighs 5 cwt., and produces in one operation, lasting 
eighteen hours, about eighteen finished bars, weighing 
from 25 to 30 lbs. each. 

The pig iron employed is smelted from mangane- 
siferous spathic ores occurring in the triassic rocks near 
the lake of Como, in stratified masses, of which five are 
known, the greatest individual thickness of 27 feet 
being observed in the bed of La Manina, in the valley 
of Dezzo. 

In South Wales, a superior quality of iron, adapted 
for rolling into thin sheets for use in the manufacture 
of tin plates, is made in the charcoal finery. The 
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metal treated is usually of a good class, such as ti nt 
smelted with au Jiraeite or coke ; in the latter case, with 
cold blast fro a AVelsh mine or hematite pig. The 
charge, weigliing generally from 5 to 6 cwt., is first 
heated in a small coke refinery about 18 inches square, 
with two twyers, land, after the requi/?ite amount of 
blowing, is run otf by an inclined gutter into the 
charcoal fineries, of which there are two, placed in front 
of and a little below the running-out fire. These 
hearths are made of cast-iron plates ; the bottoms are 
hollow, and cooled by a current of air. Three of the 
sides are vertical ; the fourth, or working side, is 
slightlj" inclined upwards and outw»'*ds. The charge 
of fine metal is equally divided between the two hearths, 
which are each blown by a single twyer. Although 
cold blast is used, the nozzle is protected by water 
twyers, both in the refinery and charcoal hearths. 
The fining appears to be done dry, that is, without the 
addition of slag or scale, by continual breaking up ainl 
raising the iron with a pointed bar; the slag, or cinder, is 
tapped off two or three times during the op^^ratioUv 
which lasts from one hour to one and a quarter. The 
whole of the charge is worked into a single ball, 
weighing somewhat less than 2 cwt., which is 
shingled and drawn under a lever hammer to a long 
bar, about 1| or 2 inches thick, and then broken into 
pieces, called weighing about ^ cwt. each, 

by nicking the bar half through, and striking the 
weakened part wdth a sledge hammer. This method of 
breaking up the bar affords a ready means of S(?lecting 
the iron by the appearance of the fracture, only such j)or- 
tions as present a fine uniform crystalline grain btang 
used in the formation of the pile from which the 
finished sheet is made. A similar process of stamping 
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and solectioii of rough bars is in use in those forges of 
the Wost Riding of Yorkshire that are noted for the 
high quality of their malleable iron. 

The reheating or welding of the stamps is effected 
in a special furnace, known as the hollow fire, interme- 
diate ill charjjctcr between the •Id cliafery and the 
modem reheating furnace. It consists of a deep reel 
angular hearth roofed over at the top. The upper 
part forms a chamber, in which the piles are reheal od. 
The lower part of the hearth is filled with coke, which 
is burnt by a blast of air introduced by an inclined 
twycr, near the top of the fuel, in the oi*dinary way. 
The piles consist of fragments of the broken bars, or 
stamps, obtained in the precluding operation, and are 
supported on a flat plate or staff in the upper part of 
the fire, clear of the top of the fuel, but fully 
exposed to the flame. If tlio blast is introduced at a 
lower point, so that the air has to traverse a certain 
thickness of ignited iiiel, the conditions of combustion 
become similar to those of a gjis generator, and tin* 
iuriiace aj)proximufes to a gas reheating furnace with 
the top blast omitted. A portion of the waste flame is 
economised by the use of a second heating chamber, 
where the pile receives a preliminary heating before it 
is brought up to tlie welding temperature. 

In Sweden, thi-ee principal methods of charcoal 
finery are in use: the German, or rather AYalloon, the 
Franche Comtt% and the Lancashire processes. The 
first of these is confined to those forges that produce 
tlie Daniieniora steel irons. The heartli is not covered, 
and the fining, which takes place in a bath o/ slag, is 
imich accelerated by almost continuous breaking up 
and stirring of the molten metal. The bloom is of 
small size, weighing only about 100 lbs., and is pro- 
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duced in from twenty-five to thirty minutes. The pig 
iron of a white or strongly-mottled character is not 
tharged and inelt(‘d down in one quantity, but is used 
in the form of slabs or bars from 15 to 18 feet long. 
Only the fore- end of the slab is exposed to the fire, so 
that the metal meltfi’ and runs down in (h’ojjs before the 
blast like sealing-wax in the flame of a candle, the 
end, as it wastes, being kept in the same position by 
pushing forward. The bloom obtained from the 
previous heat is reheated for the first time in the fore- 
part of the hearth during the period of melting, being 
held with tongs in an inclined position: the subsequent 
heats, to the number of six or se^teii, required in 
drawing it out into a bar under the hammer, are 
effected in a separate fire. The consumption of char- 
coal is very large, being three times the weight of the 
bar iron produced ; the loss of \veiglit, oi* ditference 
between the latter and the pig iron used, is from 20 to 
25 per cent. • 

The Franche Comte and La ncii shire processes are 
conducted in covered hearths ^ ith flues fur heating up 
the charge of pig iron previous to melting, and stoves 
lor the blast, which is raised to a temperature of about 
100®; the pressure is from 1 lb. to I j lb. The princi- 
pal dilference between them is that in the former the 
reheating of the bloom, which is cut into two pieces 
after shingling, is efiected in the same fire, while in the 
Lancashire forge cither a second hearth, or what is 
now more usually the case, a gas-welding furnace, is 
used for this purpose. The proportional yield is about 
the same in both cases, the weight of bar iron produced 
being about 15 per cent, less than that of the pig iron 
used. The consumption of charcoal is, under the most 
favourable conditions, about the same in either pro- 
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cess, being one and a balf times tbc weight of the 
finished bars, or only half as much as in the Wal- 
loon forgo. 


CHAPTER XV. 

REVERBERATORY FINERY OR PUDDLING PROCESS. 

The use of the reverberatory furnace, instead of the 
•open fire or hearth, in the conversion of cast into 
malleable iron, was introduced by Cort in 1784, and has 
now almost ciUirely superseded the older processes in 
those localities that are chiefly dependent upon mineral 
fuel. Even in wooded districts its use is becoming 
general, more especially since the introduction of gas 
furnaces, which arc capable of being worked with fuel 
of inferior quality and heating power — such as wood, 
"brown coal, peat, &c. — when converted into carbonic 
oxide, sucli substances being unfit for use in fineries 
where the lioat is produced by combustion of the fuel 
in contact with the iron. 

^The reactions going on during the operation of 
puddling are substantially the same as those observed 
in hearth fineries, the decarburisation of the pig iron 
being effected by the joint action of a current of air 
produced by the draught of a chimney, instead of being 
blown in under pressure from a twyer, and oxidising 
fluxes, such as hematite, magnetic oxide of iron, forge 
scale, or the molten slag, a higlily basic silicate of 
protoxide of iron. 

According to the relative importance of the parts 
pla)’‘ed by these agents, the process is divided into dry 
and wvi puddling, the former being dependent mainly 
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on the exposure of the metal to the action of the air, 
while in the latter, which is more generally known as 
the pig-boiling process, the slag and oxide of iron added 
are the most important oxidising agents. 

As the charge of melted pig presents a larger surface 
for the same weight in the puddling fi\rnace than is 
the case in the open fire, it forms a thinner layer, and 
therefore can be more readily brought into contact 
with the air ; the operation of fining is more quickly 
performed ; and the labour of lifting, &c., although very 
severe, is less so than in the hearth finery, especially, 
in the treatment of grey iron. The conversion of the 
latter into white metal by a preliminat y fusion in the 
refinery is, however, equally advantageous in either 
case. 

The general details of the construction of the pud- 
dling furnace, are shown in the four figures (Fig. 
25), A, B, c, and d. The fireplace is of rectangular 
form, built of fire-bricks, and divided from the hearth • 
by a low wall or fire-bridge. The roof of the furnace 
is curved to a flat arch, and is generally made to 
slope at a small angle towards the flue. The whole 
of the brickwork is cased with side plates of (tast 
iron, united by flanges and bolts, and bound together 
with wrought-iron tie-rods across the top. The bottom 
of the bed is formed of plates of cast iron, united by tenon 
joints, and supported upon dwarf pillars or standards 
of the same metal. The sides of the bed may be 
variously constructed, the differences being due to 
variations in the methods of artificial cooling adopted. 
In the furnace in question they are formed of hollow 
iron castings, united into a rectangular tube, through 
which a current of air circulates for the purpose of 
protecting the metal against the intense heat of the 




Fiji. 25.— Puddlinjr tunuice. 

A. Vertical uootion through tin* centre, n. J’hm at level of bed. c. Side elevulion. 
D. End elevutiuii of fireiilace. 


of tli<i side frame, so as to form a recess for the recep- 
tion of the refractory material used in lining ox fettling 
the sides. 

The fire grate presents no peculiar features; it is 
made of plain wrought-iron bars placed horizontally, 
and carried at either end by transverse bearers. The 
depth of the lir(‘])lacr varies with the nature of the 
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fuel employed, being greatest with the least bituminous 
kinds of coal, in such cases, especially, where anthra- 
cite is burnt. A forced draught, produced by blowing 
air in below the grate, may be sometimes used to ad- 
vantage. With peat, brown coal, or slack, inclined or 
step-grates are used, and by the combination of these 
accessories the indirect or gas furnace is produc(Ml. 
The best fuel for furnaces with ordinary grates is coal 
of a dry, non-caking quality, burning with a long 
flame, as free from sulphur as possible. The surface of 
the grate should be between one-half and one-third of 
that of the bed, which, taking the latter at 20 square 
feet, would give from 7 to 8 square fedc. The amount 
of coal burnt is from 1.^ to 2 cwt. per liour. The 
charging or fire-hole is 10 inches above the grate ; it 
has no door, but is stopped with lumps of coal when 
the fire is lighted. 

The flue is usually built with a slope towards the 
stack ; the sectional area varies with the nature of the* 
fuel, being about one-fifth of that of the grate for bitu- 
minous coal, and one-seventh for anthracite. Some- 
times a second bed is placed behind the flue-bridge, 
upon which the pig iron destined for the following 
charge is subjected to a preliminary heating or roast- 
ing, by the flame passing over it on its way to the 
stack, in order to save time in the subsequent melting 
down. In like manner, when a blast is used above the 
grate, as in gas furnaces, it may be heated by meant 
of a coil of horizontal V-shaped pipes of cast iron, placed 
on the lower part of the stack in the course of the 
flame, or by circulation through the hollow side frames. 

The stack is usually from 30 to 50 feet high, and about 
20 inches square, when it serves only a single furnace ; 
but when the several flues are led into one, especially 
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when a part of the heat is taken away by passing the 
flame under steam boilers, it is necessary to increase 
the hciglit to 100 feet or more, in order to overcome 
the additional resistance. The walls of the stack are 
of fire-brick, with an outer casing of common brick- 
work, which is tapered in thickneS^, being set back in 
steps at two or difierent heights; the lower pfirt is 
often supported on cast-iron columns or standards. 
The draught is regulated by a flat plate or damper at 
the top of the stack, attached to one arm of a lever, 
which can be raised or lowered by means of a chain 
attached to the opposite arm, which hangs nearly dowm 
to the ground l^cl. 

The working door, which is on the same side of the 
furnace as the fire-hole, is made of fire-clay slabs set in 
a cast-iron frame, and is suspended by a chain to a lever, 
carrjdng a counterbalance weight at the opposite end, 
in order that it maybe readily lifted and lowered. It is 
only opened during the introduction of the charge and 
the removal of the puddled balls. A small rectangular 
or arched notcli, called the sfopjxr hole, is cut out of the 
edge for the introduction of the tool used in stirring or 
rabbling the bath of metal. The sill of the door is 
about 10 inches above the level of the bottom of the bed ; 
below it is placed the tap-hole, through which the slag 
or tap cinder is withdrawn from the hearth. During 
the operation it is plugged up with sand in the usual 
way. A portion of the cinder also overflows the flue- 
bridge, and runs down the inclined surface of the flue 
to the bottom of the stack, where it is allowed to accu- 
mulate. 

The side of the bed opposite to the working door 
is of a curved form, and is not directly accessible from 
the exterior in the ordinary or single furnace. In 
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large forges it is usual to place two furnaces together 
in one block, back to back, with their working sides 
facing ill opposite directions. The larger or double 
furnaces have working doors on both sides, so that two 
sets of puddlers can work at the same time, the weight 
of the charge beingiof course proportionately increased. 
In some few instances the beds have been made of 
such a size as to admit of working from four points 
simultaneously. It is doubtful, however, w’hether any 
advantage is to be got from the increased dimensions, 
as the saving of fuel and time claimed can only li^ 
realised by employing men of uniform skill, and 
capable of working off their heats in^^xactly the same 
time, otherwise a large loss of iron from burning is 
likely to ensue w’^hen one man brings out his heat 
before the other. 

The working bed, or lining of the hearth, was formerly 
covered with sand, but is now usually made of re- 
fractory slags rich in oxides of iron, such as aie 
obtained at the end of the process, the remains of old 
beds of a similar character, mill or hammer slag, or 
burnt scrap iron. In making a new bed, the cast-iron 
bottom-plate is covered with a layer of broken slygs, 
3 to 5 inches in thickness, w'hich is then softened 
by long-continued heating, the surface being rendered 
smooth by working with a flat bar or paddle. When 
scrap iron is used, a quantity of about 4 cwt. is thrown 
into the furnace, which is then raised to a strong heat. 
The ball formed by the agglomeration of the particles 
of iron is worked down and spread as uniformly as 
possible over the entire bottom, care being taken to 
maintain a high temperature and oxidising atmosphere 
in the furnace during the operation. The thickness of 
the finished coating should not exceed 1} or H inches. 
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Sometimes the bottom-plate is coated witb a tbin layer 
of fire-clay before the lining is introduced. 

Grey pig iron should not be puddled alone upon a 
new bed ; the first charges should consist of scrap iron 
or waste blooms, and refined metal in small quantities, 
until the refractory lining has bccoiitc sufficiently consoli- 
dated, by continued oxidisation and a high temperature, 
to resist the solvent action of the silica produced from 
the oxidation of the silicon contained in the pig iron. 

The side-plates of the hearth are lined or fdtled in 
a similar manner with bnU-dogy a mixture of peroxide 
of iron and silica, produced by roasting tap cinder, 
hematite, or ma^etic iron ore. Limestone is sometimes 
used for this purpose, but docs not appear to be gene- 
rally advantageous, excei)t as being less liable to waste, 
as it does not contribute to the dccarburisation of the 
metal, and thickens the slag, and may prevent welding, 
producing a red short iron if mixed accidentally with 
fhe ball. The side linings are subject to considerable 
wear, and require to be repaired after each heat. For 
this puipose small heaps of fettling materials are placed 
by the side of each furnace. The larger holes are tilled 
with lumps of crushed bull-dog, after which the surface 
is made smooth with puddkr'^ nunc, usually a soft red 
hematite, which is mixed to a paste with water. In 
Cleveland, besides the ordinary fettling materials, burnt 
pyrites, residues from the sulphuric acid works, called 

131ue Billy,” and finely-crushed Swedish magnetic 
iron ore, are in use. 

Although the process of puddling is susceptible of 
considerable modification according to the nature of 
the pig metal employed, and that of the iron which it 
is desired to produce, it may be generally stated to in- 
clude the following operations ; — 
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1. Melting do'svn of the charge, with or without 
previous heating. 

2. Incorporation of oxidising fluxes with the charge 
at a low heat. 

3. Elimination of carbon, by stirring the contents of 
the fiirnace at a higL tomperaturc. 

4. Consolidation of the reduced iron to masses or balls 
fit for hammering. 

The regulation of the temperature, and the amount of 
air passage through the furnace by the damper, is a 
point of considerable importance. Thelicat requires t#: 
be greatly raised towards the end, at tlic same time 
preventing an unnecessary influx of tir, which would 
burn the iron to waste. In gas furnaces this is done 
by shutting ofi‘ the top blast, so that the hearth is 
filled with an atmosphere of heated gas containing 
unconsumed carbonic oxide. 

The following is a generalised description of the steps 
ordinarily pursued in puddling : — When the furnace is 
charged, the working door is shut and secured in position 
b}" iron wedges ; sometimes the joint is luted with clay; 
the fire is made up after cleaning and pricking tlie grate ; 
the fire-hole is stopped with lumps of coal and slack, in 
order that no air may enter the furnace except through 
the space betAveen the grate bars during the period of 
melting down. In about a quarter of an hour the metal 
begins to soften ; the puddlcr then introduces a bar or rab- 
ble through the opening in working door, and moves the 
unmelted lumps from the sides intothc middle of the bed, 
in order to bring the w^hole more quickly into a state of 
uniform fluidity, the fire being increased at the same time 
for about four or five minutes. As soon as the metal is 
completely melted, it is rendered unifoim by stirring, 
the temperature being lowered by partially closing the 
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clamper, until the surface of the bath is protected by a 
coating of slag against the direct action of the air. 
Tlie amount of handling required in this part of the 
])]‘ocess depends upon the nature of the metal operated 
upon. With grey pig, which requires a higher tem- 
IK'raturc for •fusion, but which Ans very liquid, the 
fragments may be distributed uniformly over the bed, 
and nH'ltod down without being moved, if tlie furnace 
is sufficiently hot ; but otherwise, a pile of metal is 
formed close to the fire-bridge, and as the temperature 
"increases, tlie uninelted portions ai’e diawii back into 

tlie centre, and pressed down below the surface of the 

* 

When white or reffined metal is used, it is said to be 
an advantage to bring tin* furnace to a high heat by 
firing up strongly fc»r about a quarter or half an houi 
before introducing the chai’g(‘ ; the fusion takes place 
more I’opidly, and with less oxidation of iron, than is 
the case in the ordinary way. 

In order to bring about the reaction of the slag upon 
the melted metal, it is necessary to incorporate the 
whole contents of the furnace well together after melt- 
ing. For this purjiosc the temperature is lowered by 
checking the draught, or even throwing water upon 
the metal, the charge being stirred at the same time. 
The slag is also reduced to a more basic condition by 
the addition of scale or mill cinder, to compensate for 
the silica produced from the oxidation of silicon in the 
pig, which, as we have already seen, always separates 
when the fusion takes place in an oxidising atmosphere. 
>Vhcn the mixture is complete, and the mass is some- 
what stiffened, the reaction of the oxide and silicate 
of iron upon the combined carbon is apparent by the 
escape of blue fiames of carbonic oxide ; and as tho 
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temperature is increased by opening the damper, the 
whole of the surface of the metal commences to boil 
from the rapid escape of gas, and rises above the level 
of the working door, at the same time a portion of the 
molten slag flows out. The action is facilitated by con- 
stant stirring with •the rabble or hool^^d bar. The 
puddlcr searches or sweeps every portion of the bed 
by moving the point of the tool in curved lines from 
tiie centre outwards towards the bridges on either side, 
commencing at the front. The sides are reached by 
a kind of scooping action, the rabbles being workedr 
against the door-frame as a fulcrum. The tool must 
be changed every five or ten minutts, or it would 
soften and adhere to the iron if left too long in the 
furnace. When taken out it is cooled by plunging into 
a cistern or uater bosh, which detaches the adherent 
cinder; the point is afterwards dressed up into shaj^e 
by forging with a light hammer. Usually four tools 
are required to be used in the boiling of one charge. • 
As the carbon diminishes the ebullition becomes loss 
violent, and the bath, from its reduced fusibility in 
spite of the high temperature, begins to stitfen, and 
malleable iron separates, or, as it is called, comes to 
nature in the form of bright points, which increase to 
spongy masses projecting from the bath of melted slag. 
Owing to the high temperature and the fine state of 
division in which it is exposed to the oxidising atmo- 
sphere of the furnace, the reduced metal is raised to a 
brilliant white heat by partial combustion. At this 
point of the process it is necessary to regulate the 
fining by preventing the too rapid agglomeration of 
the reduced iron ; the whole contents of the furnace 
require, therefore, to be stirred and broken up again, 
so that every part may be brought under the influence 
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of the high temperature prcYailing in the iioighhour- 
liood of the flue-bridge, at the same time any pasty 
lumps of iron that may have adhered to the sides are 
detached. The reduced mass is subject to a final heat, 
in order to facilitate the separation of the cinder by 
rc]i dering it perfectly fluid. • 

The last operation consists in forming up the balls, 
which is done by detaching from the reduced iron 
masses of usually from CO to 80 lbs. weight each, and 
pressing them together with the tool until they are 
sufficiently coherent to be moved without falling to 
pieces. This may be done either by pressing against 
the bottom aifH. sides of the furnace, or by a rolling 
motion, the iron being gathered up around a small 
nucleus like a snow-ball. 

As soon as a ball is made it is placed close against 
the fire-bridge, and in order to keep it out of the 
draught of air between the working door and the flue, 
•the second is proceeded with until the whole of the 
charge has been balled up ; the working door is then 
closed, and the final heat is given. 

The removal of the balls, which are of a roughly 
spherical foim, after they are drawn to the working 
door with the tool, is etfected by means of a long pair 
of tongs with curved jaws. They arc first lifted to 
the table in front of the working door, and afterwards 
either dragged along the floor or carried on a wreught- 
iron truck to the hammer, or such other shingling 
machine as may be employed. Alter the removal, and 
during the shingling of the first hall, the damper and 
working door are shut, in order to protect those re- 
maining ill the furnace from iinneeessary waste by 
oxidation while waiting their turn for hammering. 

The old systt'in of puddling pig iron on a dry bed 
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is only applicable to white or refined metal : the chief 
difference betw' cen it and the inctliod of boiling consists 
in the comparatiyely small quantity of slag formed. 
As soon as the metal has got into the pasty state it is 
broken up and constantly stirred, in order to incor- 
porate the oxide of *iron, formed during tlie moiling 
down, with the metal. The contents of the furnace arc 
not allowed to become perfectly fluid, and the work 
goes on continuously from the commencement of the 
stirring to the balling up. Although there is less loss 
of iron, and a smaller consumption of fuel, owing to* 
the rapidity wdth which the operation is performed, 
than is the case in the boiling proeesf?, the iron pro- 
duced is likely to be of an iiderior quality, uidcss a very 
good description of pig is used. The actual use of 
sand bottoms is almost obsoh‘to, as they give rise to a 
great w^aste of iron, the process being usually conducted 
on an iron bottom with a thin coating of cinder. 

According to Truran, 1 ton of puddle bars is pro- 
duced by 21 cwt. 1 qr. 20 lbs. of fine metal by the dry 
puddling, and 21 cw t. 3 qrs. by the boiling process. 
The foniier lasts from 1 to I 4 hours, and the latter 
from IJ to 2 (hours. • 

The excellence of tlio iron produced depends mainly 
upon the prevalence ol‘ a high temperature during the 
period of boiling, wdien the heat is continued during 
the balling by keeping the damper open, in order to 
maintain an oxidising atmosphere in the furnace ; de- 
narburisation is promoted, and soft or fibrous iron is 
obtained. On the other hand, when the draught is 
checked after boiling by partially closing the damper, 
the hearth is filled with neutral or reducing flame from 
the imperfect combustion of the gases produced by 
the fuel, and a further elimination of (tarbon is i)rc- 



uk‘^\:uhkkat()RY fin^.ry or puddling j»R(K;t:ss. 309 


vented. The result in tliis case is a hard or steely iron, 
which breaks with a finely crystalline fracture, Mid 
may be considered as intermediate in character between 
soft iron and steel, lly diminishing the time of boiling, 
and working at a low temperature, another form of 
granular cry^;talline iron may l>e obtained, which is 
hard, but deficient in tenacity, and only fit for the body 
or central part of common rails, where it is exposed 
chiefly to a compressive strain. 

Although tlie nature of the iron obtained is greatly 
■•dependent upon the manipulation, as much or more is 
due to the quality of pig iron operated upon. The 
greater the aiflount of impurities, especially sulphur 
and })hosphorus, the longer will the puddling last, and 
cons(‘qiieutly, the greater will be the waste of metal. 
With metal of low quality it is searci‘ly possible to 
produce good ste(‘ly iron, as the decarburisation must 
be pushed to the utmost in order to remove other 
•foreign substances. 

The quantity of slag produced in puddling varies 
with the metal tr(\ated. Willi grey pig it is gn'atest, 
as the combined silicon takrs up about six times its 
wjyglit of iron in order to form a fusible silicate ; while 
refined metal, having been previously deprived in great 
part of its silicon in the refinery fire, makes much less. 
The moi'(‘ nearly the slag a])proaclies in composition to 
a neutral (tribasic) silicate, the greater will be its 
fluidity, and the less its decarburising influence upon 
the molten pig iron, as compart'd with the more basic 
slags, containing peroxide or magnetic oxitle of iron 
in excess, which are produced towards the end of the 
jirocess. The presence of c»ther bases in the slag, espe- 
cially protoxide of manganese, have a similar ettect in 
preventing the removal of carbon, as they increase the 
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fluidity, so tliat tlic batli of molten slap: screens llie 
surface of the metal from the diiect action of the air, 
without introducing the compensating oxidising agency 
of kindred oxides upon the combined carbon, oxide of 
manganese being undecomposable by carbon in an 
oxidising atmosphei^. It is on acc^ount of this pro- 
perty that the presence of manganese is of great value 
in pig iron which is intended to be converted into steel 
by puddling. 

As the fluidity of puddling-furnace slags diminishes 
with the increase of bases, it is advisable not to work* 
with refined metal alone, as in that case the hearth 
bottom becomes covered after a time* with an almost 
infusible layer of highly basic slag, like the huU-dog 
used in fettling. This inconvenience is to be avoided 
by adding a certain proportion of grey or white pig 
iron containing silicon to the charge of fine metal. 
Under ordinary circumstances, in puddling grey pig, 
the cinder is tapped off* at every second heat ; but with* 
fine metal the quantity formed is so small that it may 
remain. 

The chemical changes involved in the process of 
puddling have been investigated by Calvert and John- 
son, Lan, Schilling, and llrassado, both in England, 
France, and Germany. The method followed by these 
chemists was similar in all cases. Samples of the ii*on 
and slag taken from the furnace at different tiiiu's 
during the puddling of one charge were analysed, and the 
results tabulated. The order in which the foieigii 
bodies are removed can then be seen by comparison of 
the analyses, assuming, of course, that the samples ro 
present the average composition of the contents of the 
furnace at each period. In the boiling pro(.*ess, the 
oxidaliou of carbon is effected chiefly in an indirect 
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jTKinner by an excess of protoxide, or rather magnetic 
oxide, of iron contained in the slag, which oscillates in 
composition from a more acid to a more basic character 
at different stages of the process. Thus the amount of 
silica in the slag may be increased absolutely, at the 
commencement of the process, b)^ Ijic oxidation of silicon 
during themelting of the pig iron; and relatively, during 
tlie boiling part of the process, owing to the partial 
reduction by the carbon of tlie pig iron of the oxides of 
iron held in combination. On the other hand, the 
^slag becomes more basic towards the end, when the 
carbon has been removed, and the reduced iron com- 
mences to bur^i, owing to the intense heat necessary 
during the operation of balling. The removal of the 
foreign mattcu’s in combination with the iron takes 
place in the following order : first, silicon; then man- 
ganese, then phosphorus; and, lastly, sulphur; the latter 
ek'inent being most difficultly removable. In the treat- 
jiieiit of grew pig iron, the graphitic carbon is trans- 
formed into the combined condition after the removal 
of the silicon during the melting of the charge ; a 
change that has already been noticed as occurring at 
the same stage in all relinery processes. 

The cause of the removal of phospliorus from iron in 
the puddling process is not well explained. Percy 
su]>i)()ses that it maybe oHected by liquation as a fusible 
])hospbidc of iron, which sweats out of the pasty mass of 
the ball and passes into the slugs, where the ])hosphorus 
is oxidised to pliosphoric acid. When a sufficiently 
high temperature can bo commanded to melt malleable 
iron, as is the case in llesseiner’s process, the whole of 
llie phosphorus present in the j)ig iron is retained in 
the product. This appec.rs to be true ibr any kind (d 
iron. 
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Tlic addition of oxidising fluxes other than the com- 
pounds of iron already noticed has heeii advocated as 
a method of improving iron in the puddling furnace. 
The chief of these is the mixture of salt, peroxide of 
manganese, and clay, known as Schafliaiiirs powder, 
which is reconimeiKlod as an addition in the boiling 
process, at the rate of about 14 lbs. to an ordinary charge 
of or 4 cwt. of pig iron. The oxygen given off by 
the peroxide of manganese and the chlorine of the salt 
are said to act directly upon arsenic, sulphur, and 
phosphorus, with the production of oxidt'S or volatile^ 
chlorides ; while the bases, alumina, protoxide of man- 
ganese, and soda, pass into the slag, giving it increased 
fluidity. The latter is probably the true reason of the 
efficacy of this flux. Sulphate of iron has also been 
recommended for the same purpose. 

In Staffordshire two hands (puddler and underhand), 
in a turn of twelve hours, work off from five to seven 
heats, the charge being from 4 to 4 J cwt. The smalley 
number refers to grey pig, and the larger to mixtures 
containing from on(‘-third to one- fourth 1)y weight of tine 
metal. The loss of weight between the pig ii’on chai-ged 
and the puddled blooms or bars ju’oduced is from 1^ 
to 1? cwt. per 22 cwt. of pig metal, or fi-om 7 to 
cent. The coal burnt amounts to between 120 and 22 
cwt. per ton of puddled bars. The fettling materials 
retpiired in the turn of twelve hours for keeping the 
bed in proper order are from 6 to 7 cwt. of bull-dog, 
ami 2 to 3 cwt. of j)uddler’s mine, in addition to the 
mill scale added to the charge. 

In Scotland, where dark gi*ey metal rich in silicon 
is used without being previously refined, only from 
four to five heats of 4 cwt. are made in the same time. 
The loss of weight is from 15 to 18 per cent, from ]jig 
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iron to puddled bars, and the consumption of coal per 
ton of the latter from 25 to 26 cwt. When mixtures 
of fine metal and grey forge pig, partly Scotch and parti; 
hematite, are used, the results are generally similar to 
those obtained in Stafibrdshire. In Cleveland, the 
consumption of small coal (nuts) im from 24 to 27 cwt. 
per ton of puddled bars. The wdiole of the above 
quantities are in long cwts. of 120 lbs. each. 

In the West Riding of Yorkshire, in the neighbour- 
hood of Leeds and Bradford, a very high quality of 
wrought iron is made from cold blast refined metal by 
puddling in small heats, the stirring being continued 
longer than is i»ually the case, in order to obtain uni- 
formity in the product. The furnace is of comparatively 
small size, with a very higli stack, in order to command 
a strong heat. The charge, weighing 3 cwt., is heated 
to rc'dness before its introduction to the puddling 
furnace, so that the melting down requires only from 
twenty to twenty-five minutes, and the wdiole oi)eration 
about one hour and twenty minutts: nine heats are 
made in twxdve hours. The balling is performed as 
much as possible in a reducing atmosphere, by closing 
the damper, as the iron is of a bright crystalline steely 
character, and is not decarburised to the same extent 
as ordinary fibrous iron. Only three or four balls, 
weighing from 80 to 1)0 lbs. each, are obtamed in one 
heat, which, after shingling under a helve hammer 
into plat(\s or stamps from 10 to 12 indies square, and 
about 2i indies thick, are broken into pieces by blow's 
from a heavy w eight falling from a considerable height. 
These pieces or stampings are assorted according to the 
fracture ; those that are most uniformly crystalline are 
reserved for the manufacture of hard bars, such as 
railway tires, wdiile those showing fibre are better fitted 
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for making boiler plates and wire rods. The consump- 
tion of coal is very large, being 30 cwt. per ton of fine 
metal treated, or 37 i cwt. per ton of blooms produced. 
When the double furnace is used the charge is twice 
the ordinary weight, or from 6 to 8 cwt., the time 
required for working oft* the heat being t}ie same. 

In Belgium the average weight of the charge is 230 
kilogrs. (4-b' cwt., short weight). According to the 
quality of metal employed, the time required for each 
heat is from 1 J to 2^ hours, — namely, 2^ to 2| hours 
with grey pig, 1;? to 2^ hours with white pig, and 
to 21 hours with fine metal. The loss of weight is 
from 7 to 10 per cent. The coal bux’ned is equal in 
weight to that of the puddled bars produced. 

The general arrangements of a gas-puddling funiace, 
used in Carinthia are represented in the longitudinal 
section, Fig. 20. The fuel is air-dried wood, which is 
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converted into combustible gas in the generator a, a 
rectangular chamber, lined with fire-brick, of a capacity 
of about 14 cubic feet, by a stream of air introduced at 
a pressure of half an inch of mercury, through the lower 
branch of the blast main at 6. The combustion of the 
gases is effected by a second blast, introduced imme- 
diately above the fire-bridge, through the inclined twyer 
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Cy which is of an oblong form, extending completely 
across the bridge, with an aperture of 7 inches in 
depth. By previously circulating through the hollow 
space in the cast-iron side plates of the bed, the air 
is heated to a temperature of 200^, producing a much 
more active epmbustion than is the case when the gases 
a^e burnt with cold air. A second bed is used for 
heating up the metal for the following charge by the 
waste flame during the period of balling, an arrange- 
ment that, as has already been stated, is found to save 
both time and fuel. The remaining details do not call 
for any piu ticular i-emarks, being of the ordinary kind 
adopted elsewhere. 

In Styria, where lignite is used for puddling, the 
consumption is from 22 to 24 cwt. per ton of blooms, 
a result that is highly favourable, not exceeding the 
average of furnaces where coal is burnt, allowance being 
made for the diflereiice in caloritic value of the two 
•classes of fuel. This is in great part due to the high 
(juality and small amount of carbon and silicon in the 
pig iron operated upon. The hc'at of 4 cwt. is worked off 
in an hour, having been brought to an orange- red heat 
belore melting by exposure in a second hearth, during 
the balling of the preceding charge. The loss of 
weight on the metal is from (> to 10 per cent. 

When peat is used, from 240 to 300 cubic feet are 
required in the jiroductioii of a ton of blooms, or from 
200 to 280 cubic feet of wood. From the published 
accounts of the working of furnaces using these fuels, 
there does not appear to be much diflereiice whether 
they are burnt on a grate*, or ])reviously converted 
into gas, in the manner described above. The most 
ec‘onomical work apjiears to be at Xeuberg, in Styria, 
where only 100 cubic feet of air-dried wood are con- 
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sumed in the production of a ton of blooms. The 
metal, of a white or sti ongly mottled character, smelted 
with charcoal from spathic ore, is puddled in a double 
furnace, in charges of 8 cwt. ; the heat lasts two 
hours, the loss of weight being from 5 to G per cent. 
At Lippitzbach, in Tyrol, one ton of bjooms is pro- 
duced from 1*047 tons of pig iron, with a consumption 
of 1*011 tons of wood scorched or torrefied. 

In Staffordshire, a certain quantify of scrap iron is 
sometimes added in the puddling furnace, in order to 
improve the quality of the product as soon as the iron - 
comes to nature. When the fragments arc at a white 
heat, they are incorporated with the contents of the 
furnace, which are then balled up in the ordinary way. 
It is obvious that if the scrap added be of good qualif y, 
it will have a beneficial effect, by spreading the 
absolute amount of impurities contained in fhc puddled 
iron over a greaf er weight of finished iron, and thus 
producing a relati\*e]y purer arf icle. 

The work of the puddling furnace is divided between 
the puddler and his underhand : the latter attends to 
the firing, and also does part of the stirring or rabbling ; 
the last and heaviest portion of the work, together with 
the forming the balls, being usually done by the former. 
The tools employed are principally of two kinds, 
namely, long straight chisel-edged bars or paddles, and 
hooked bars with similar flat ends or rabbles, weighing 
about 60 lbs. each. The number of tools used in the 
working of one charge depends upon the quality of f ho 
iron, and may vary from three or four to eight, accord- 
ing to the amount of work reqTiired. When with- 
drawn from the furnace, the points are coated with 
molten cinder, which is removed by quenching the bar 
into a cistern of cold water or water hoahy placed by the 
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Ride of tLc stack. The cinder deposited at the bottom 
of the bosh is afterwards added to tlie charge in the 
boiling process. 

In order to lessen tlic groat amount of labour involycd 
in working the charge, various mcclianical appliances 
have been pi^posed in subslitutiot for manual puddling, 
but these have not as yet been adopted to any great 
extent. The different plans projiosod for this purpose 
maj’' be classified under two heads, namely, those 
imitating the motions of hand-stirring, by moving the 
tool through a curved patli by a combination of recipro- 
cating rotatory mechanism, and those using rotating or 
oscillating hearths. Of the latter kind are the furnaces 
proposed by Tooth, ^lenclaus, Bessemer, and others. 
The molten iron is fined by exposing it to oxidising 
influences in a cylinder lined with clay, or other re- 
fractor}" material, occupying the jiosition of the hearth 
in an ordinary puddling furnace, which receives a slow 
movement of rotation about its long axis. The charge, 
in addition to being turned o^er, is traversed from end 
to end of the cylinder by inclining the lining from 
the fireplace to the flue, and in the reverse direc- 
tions at opposite points of the circumference. The ball 
is withdrawn from the furnace by ^emo^^ng the 
puddling chamber, and tilting it up on end. These 
furjiaces have not hitherto been successful, owing to 
the difficulty of getting linings to stand the scouring 
action of the metal, ilenelaus found the best material 
for this purpose to be titaniferous iron ore, which was 
used in solid blocks. The ordinary fettling materials, 
such as bull-dog, were quite useless. The above repre- 
sents our knowledge of rotating furnaces when this 
work w'as written ; how it has progressed since will 
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be seen by the account of Danks’s and other furnaces at 

p. 321. 

One of the simplest of the iirst class of contrivances 
cr mechanical stirrers, bj^ Eastwood, is represented in 
Eig. 27. The rabbling tool, a, is suspended in a stirrup 
at the end of the longer arm of a bent* lever, which 
receives an alternating motion by a rod, h, connected 
with a crank on the main driving shaft. The centre 
of oscillation of the bent lever is placed at the end of 



Fig. 27.— Eastwood’s meclianical puddler. 

an inclined jib, which can be moved laterally through 
a small arc by another rod, c, working on a pin at tached 
to a screw-wheel, d, driven by a worm on the main 
shaft. The action is as follows : — Motion is given by 
a chain passing over a pulley in the main shaft at c. 
The rabble is moved backwards and forwards across 
the hearth once in each revolution, at the same time 
that its centre is shifted by the movement of the jib. 
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tlirough a small distance by Ibc screw gearing, thus 
producing a compound motion in the tool, and causing 
it to travel over every portion of the furnace bottom. 
The machine is bolted to the back of the casing plate 
on the working side of the furnace ; the driving pulley 
is connected ^ith the shaft by ajast-and-loose clutch, 
/, so that it may be readily put in and out of gear 
as required. 

Jtllerliausen’s process for simplifying the work of tlic 
puddler, by the use of an intimate mixture of pig iron 
and oxydising substances, such as hematite or mag- 
netite, resembles the first operation of the Bergamask 
forge process, \«ilh this difference, that the mixture ol' 
molten iron and finely-divided flux is made mechani- 
cally, instead of by inniiual labour on the hearth. The 
cast iron is run dii’octlv from the blast furnace, through 
a gutter, which delivers it, iii a broad thin stream, int(* 
an ingot mould; a similar stream of finely-divided 
hematite or magnetic ore being supplied simultaneously 
tlirough aiiotlior cbaniiel. In tin's way a porous mass, 
known as a pig bloom, is obtaiiu'd, weighing not 
quite 1 cwt. The moulds form a ring on the circum- 
ference of a cast-iron table, divided into 54 partitions, 
ana* about 2 feet long and 8 inebes deep, which rests 
upon friction rollers, and is slowly revolved by steam 
power, 80 as to bring each division in succession under 
the channel supplying the metal and ore. The table 
makes four revolutions per minute, and the total weight 
of the 54 blooms is 50 ewt. At Dowlais, whore 
the process was tried experimentally, considerable diffi- 
culty was sometimes experienced in breaking up the 
blooms in the puddling furnace, and a Blake’s rock- 
breaker was tried, for the purpose of reducing the size 
of the blooms before charging them. The best results 
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were obtained with Ibe use of iS^pcr cent, of red hema- 
tite and 5 per cent, of coke, when an increased yield 
of about 4 per cent-, over that of the ordinary process 
was obtained. A^’’hon the amount of ore added was 
larger the furnace worked cold, and the slag was not 
sufliciently fluid, and the work was hardef than ordinary 
puddling. This process, though found advantageous in 
America, on account of the saving in labour, has not 
been adojited in this country. 

According to Pany, the amount of phosphorus con- 
tained in puddled iron is from 20 to 25 per cent, of--^ 
that originally present in the pig iron, and of sulphur 
about 20 per cent. If, therefore, the «‘ron so obtained 
is reconverted into pig iron by fusion with carbon, 
taking care that neither sulphur nor phosphorus is 
re-introduced, the proportion of these substances in the 
iron obtained from the purified metal by a second 
puddling will be almost inajjpreciable. Thus, if in 
the first instance the mine pig contained 0'75 per cent*, 
of p'hosjDhorus, this would be reduced on the first 
puddling to O’lo per cent., and on the second to 0*03 
per cent. Parry’s process of double puddling is founded 
upon the above property. The material treated is the 
waste produced in finishing bar iron, loiowu as crop 
ends ; these are melted with coke in a cupola furnace, 
difiering from that ordinarily used by iron-founders 
in having a stronglj^-inclincd twyer, in addition to the 
ordinary horizontal one, through which the blast is in- 
troduced. It is, in fact, a combination of a blast furnace 
with a refinery, and the product is very similar to that 
obtained in refining with coke, namely, a metal of 
low degree of carburisation, almost entirely free from 
silicon. This is run into moulds, and afterwards 
puddled in the usual way, giving a pure quality of 
iron, which it is suggested may be still further im- 
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proved by repealing the fusion in tbe cupola, and 
puddling a third time. The consumption of coke is 
at tbe rate of about 30 or 40 per cent, of tbe weight 
of tbe scrap iron converted. It is, of course, necessary 
to prevent tbe iron taking up sulpbur from tbe asb of 
tbe coke by ^a proper addition #f limestone or other 
appropriate fluxes in tbe cupola. For this purpose, it 
is suggested that the coke may be impregnated with 
salt or carbonate of soda by steeping it in a solution of 
these salts for some time before it is required for use 
The rotatory puddling furnace, which was originally 
proposed by Mr. Menelaus, and used experimentally 
for a short tin^ at Dowlais, when it was abandoned 



Fig. 27rt.— Danks’s rotatory puddling furnace. 

A. ration nf rotatory rhaw^wr. 

B. Ilaij'-scction through rotatory chamber. 


owing to the difiiculty of obtaining a sufficiently suitable 
and refractory material for the lining, has within the 
last two years been much improved and perfected by 
Mr. Banks in the United States, who has made tbs 

r 3 



322 


MKTAI.LI KGY OF IKON. 


process a teclinical success. The furnace repre- 
sented in Fig. 27a takes a charge of 600 lbs. at one 
heat. Fig. 27 h is a longitudinal section. In Fig. 27 a 
the right hand half B represents a transverse section 
through the centre of the furnace, and the left hand 
A the elevation at tjie forward end. Fig. 27 c is the 
elevation of the flue end. The furnace consists of 
three parts, a fitted fireplace and bridge, a moveable 
puddling chamber taking the place of the ordinary 



Fig. 27Z».— Danks’s rotatory piidrlling fumnep. liOiigitodinol Rcction throii^ fire- 
place, puddling chamber, and moveable Hue. 


bed, and a flue which is composed of a fixed part 
leading to the chimney and a moveable part connect- 
ing it with the chamber. 

The fireplace is of the ordinary description, with an 
air-blast for increasing the intensity of the combus- 
tion. The air is supplied partly through a pipe below 
the grate, and partly through two series of small 
twyers in the back wall at the level of the firebridge, 
the amount being regulated by a valve in the admis- 
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sion-pipo. The firebridge, which is of cast iron 
cooled by a current of water circulating through it, is 
faced on one side with firebrick, and on the other by 
a layer of fettling similar to that used in the puddling 
chamber. The outside of the fireplace is formed by a 
thick cast-irjjn ring, also cooleil with water, whose 
outer surface is cast in chill, and forms a rubbing face 
tor a similar ring on the rotating part. 
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The puddling chamber is a cast-iron cylinder with 
conical ends 4 ft. long by 5 ft. 3 in. greatest dia- 
meter. It is bound with iron hoops and faced with 
flat rings, which rub upon similar surfaces fixed in 
tho faces of the fireplace and flue. The cylindrical 
body of the chamber is formed of cast-iron segments 
kept together by the conical ends, and has twelve 
radial ribs projecting internally for keeping the lining 
or fettling in its place. At either end of the cylinder 
is a belt turned smooth, forming the bearing surfaces 
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for the chamber upon the friction rollers which support 
it, and in the centre is a toothed ring which receives 
motion from a pinion driven by a pair of small steam- 
engines. The front conical cover has a tap-hole for 
letting out the cinder. The moveable flue is made 
of cast iron, lined dike the puddling chamber, and 
cooled by water. In the end is a stopper hole through 
which the process can be watched, and the rabbling- 
bar, or tool for tapping the slags or balling the 
iron, can be introduced. When at work, the moveable 
flue is kept in position bj" two stays connected with 
ratchet wheels, but it is also suspended by two 
rods to a truck with rollers, which, moves on an 
overhead railway, so that by disconnecting the lower 
stays it is left suspended to the truck, and may be 
moved to one side, leaving the end of the chamber 
open for withdrawing the ball. In this way the 
necessity of making a working door in the chamber 
is avoided. The moveable piece is connected by a 
short brick flue with the chimney-stack in the usual 
way. The fettling or lining of the chamber is made in 
two thicknesses : the first or initial layer consists of a 
mixture of crushed iron ore and slacked lime brought 
to the consistency of mortar, which is filled up to about 
an inch above the projecting ribs. One-third of the 
surface is covered at a time, the coating being dried 
by a wood fire before adding a new portion. The 
whole operation requires from 10 to 11 hours. 
The ore should not contain more than 5 per cent, of 
silica, and be free from combined water, which is likely 
to crack the lining when driven off by subsequent 
heating. About 30 cwt. of ore and 4 cwt. of lime are 
used to form the initial lining. The fettling proper is 
formed by melting upon the initial lining pulverized 
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iron ore, hammer- slag, and scale, in quantity sufficient 
to form a pool in the bottom of the cylinder, into 
which pieces of harder ore are thrown in until the 
surface is studded with lumps projecting from 2 to 
6 in., when it is allowed to set, and the operation is 
repeated with^the cylinder in a Afferent position until 
the interior is completely lined. From 2 to 2 ^ tons of 
ore are required for a 700-lbs. furnace, and about 
3 tons of coal are required for the different operations 
of drying and melting the fettling. 

The steps in the operation of puddling arc similar to 
those of the ordinary process, the rotary motion of the 
chamber being# substituted for the action of the 
puddler’s rabble. The pig iron is charged through 
the flue end upon a quantity of cinder, from 30 to GO 
per cent, of its own weight, cither in a solid or 
melted condition. In the former case the time re- 
quired for melting down is from 30 to 35 minutes, 
during which period the chamber is partly rotated 
in order to bring the charge equally under the 
action of the flame. When the whole charge' is 
thoroughly melted, the chamber is made to revolve 
from two to three times in a minute, for five or 
ten minutes ; a stream of water is then injected to 
solidify a portion of the supernatant cinder, which, as 
the chamber turns, is carried into the bulk of molten 
iron, and in this way a continuous action, resembling 
that produced by the incorporation of scale and other 
oxidized iron products in the ordinary' furnaces by the 
puddler’s rabble, is kept up until the iron begins to 
thicken, w-hen the motion is stopped, and the fire is 
raised until the cinder being perfectly liquefied, it is 
run off through the tap-hole, the chamber being 
brought into a proper position for the purpose. The 
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rotation is then continued at six to eight revolutions 
per minute until the iron begins to adhere together, 
when the speed is reduced to two revolutions, and the 
ball commences to form. If any loose pieces are 
found, the puddler moves them to one side, and by 
turning the furnac^ partially, so as tumble the 
main mass over them, they are made to coalesce 
with it. The fore end of the ball is solidified by a 
few blows from a tool introduced through the stopper- 
hole. The flue piece is then moved to one side, leaving 
the end of the chamber open, and the ball is removed 
by a fork worked by a crane, and carried to the 
squeezer, where it is shingled, and afterwards rolled to 
a puddled bar in the usual way. The time of working 
one charge lasts from an hour to an hour and a half, 
according as the pig metal may be white or grey. 
From eight to ten charges may be made before the 
fettling requires to be repaired. The average con- 
sumption of fettling materials, ore scrap, and forgie 
cinder, is about 12 cwt. per ton of puddled bars pro- 
duced. The coal used is 22 cwt., some of which may 
be saved by melting the metal in a cupola instead of 
melting it in the furnace. A special form of squeezer 
is used, consisting of two corrugated rolls placed Tiori- 
zontally in the same plane, moving in the same direc- 
tion, making 15 or 20 revolutions per minute. Above 
these is placed a large excentric, or cam, geared to the 
rolls, and moving in the same direction with the same 
circumferential speed ; at the side of the frame is a 
horizontal steam-hammer, which hammers the end of 
the bloom as it is being rotated. When the bloom is 
Bufliciently squeezed, which is done in two revolutions 
of the cam, it is turned out in the form of a cylinder 
with squeezed ends, and can be removed to the 
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reheating furnace at once. Owing to the large sur- 
face of the lining and the exclusion of air, the re- 
moval of the carbon silicon, and other foreign matters 
in the pig iron is effected entirely by the peroxide of 
iron in the fettling with the reduction of a correspond- 
ing portion of iron which goes tc^ increase the weight 
"of the ball, so that the amount of puddled bar produced 
is, under favourable conditions, somewhat greater than 
that of the pig metal charged. Mr. Snelus, in his 
report to the Iron and Steel Association, points out 
that the yield from white pig iron in the Danks's 
furnace is found to be inferior to that from grey, there 
being a difference of from 1 to IJ cwts. in the quan- 
tity required to make a ton of puddled bars, in favour 
of grey over white forge pig. When the puddling 
had to be done by hand, the use of white pig saved 
a great deal of labour ; but, with the adoption of 
machinery, the above advantage, in addition to the 
higher quality of the product, will probably render it 
more economical to make forge pig moderately grey 
and silicious rather than white, in spite of the increased 
consumption of fuel in the blast furnace required for 
its production The working power of the Banks’ 
furnace is about four times that of the ordinary 
single puddling furnace, or rather twelve of the former 
may be taken as equivalent to fifty of the latter. 

A somewhat similar furnace has been introduced by 
Mr. Spencer at Hartlepool. Instead of being a cylin- 
der, the revolving chamber is a long box of square 
section, measuring 9, ft. in length by 4t ft. in the side. 
The fettling material is the cinder known as tap ; 
it is obtained from reheating furnaces which have iron 
bottoms covered with purple ore, instead of the sand 
bottom formerly used. This cinder is very^free from 
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silica and pbospliorus, and can be easily melted. It is 
cast into troughs or divisions formed by projecting ribs 
on tbe sides of tbe chamber, and built in blocks pro- 
perly moulded, the ^vbole being cemented together by 
melted tap into a smooth and regular form. The 
repairs are done bj running in the same material 
melted from a ladle through a spout to t!ie place where 
it may be required. In an early form of the furnace 
the chamber was placed with its sides skew to the axis 
of rotation of the chamber, but latterly the rectangular 
form has been adopted in preference. In other respects 
the working of this furnace is similar to that of 
Danks’s, but as the cast iron is intro(^iced in a melted 
state, the heat is worked ofi* in less time. 

Another form of rotating furnace has been recently 
introduced by Mr. Siemens. It resembles Danks's, 
but in the form of the revolving chamber diflFers 
from it in many important particulars, especially 
in the fettling, the aluminous brown iron ore knowp 
as Bauxite being employed for that purpose. This 
contains when calcined from 44 to G8 per cent, of 
alumina, 28 to 52 per cent, of peroxide of iron, and 
3 or 4 per cent, of silica ; it is rendered coherent by a 
small addition of clay or silicate of soda, and about 
6 per cent, of graphite is added to the mass, which 
renders it practically infusible by reducing the per- 
oxide of iron to the metallic state. This material has 
the advantage of becoming converted under the action 
of strong and continued heat to a solid mass of emery 
of intense hardness, besides being infusible, and there- 
fore capable of resisting the mechanical scouring of 
the charge as well as great heat and chemical action. 
The fireplace is of the ordinary regenerative form for 
burning intensely heated gases. The flame enters the 
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chamber, by a flue divicJed by a midway partition-wall, 
with sufficient velocity to traverse its whole length 
and return through the other division on its way to 
the regenerators. The moveable flue of Danks’s furnace 
is replaced by an ordinary sliding door lifted by a 
^lain and counterpoise. The chanfber, which is about 
7i ft. in diameter, and 9 ft. long, is provided with two 
trains of wheel -gearing, by which it can be turned 
either very slowdy, from 4 to 5 revolutions per 
hour, or more rapidly, from 60 to 80 revolutions 
in the £amc time. The Bauxite lining is about 7 in. 
thick. There is a tap-hole on the working end for 
discharging the •slag into a pit below, where it is 
received in tubs mounted on wheels for facility of 
removal. The object of this furnace is not for pud- 
dling, but for the production of malleable iron or steel 
directly from the ore. It is worked as follows. The 
ore is broken up into fragments of the size of peas or. 
bftans ; to it is added lime or other fluxes, so as to form 
a basic fluid slag with only a little protoxide of iron. 
With hematite or silicious ore aluminous ore may be 
used, and also mnnganesiferous ores with advantage 
About 20 cwt. of materials are charged, and the 
furnace is slowly revolved for 40 minutes, when the 
contents will be raised to a bright red heat. From 
6 to 6 cwt. of small coal is now' added, and the rotative 
velocity is increased. A rapid reaction takes place: 
the peroxide of iron being reduced to the magnetic 
state, begins to fuse, and at the same time the carbon 
precipitates metallic iron, wdiile the fluxes take up the 
silica of the ore forming a fluid slag. The slow' action 
is again employed, the mass being turned over and 
over, continually presenting new surfaces to the heated 
^ di ning and flame w'ithin the rotator. Dul^ng this 
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period, carbonic oxide gas is evolved by tbo action of 
the ore on the carbon, and heated air alone is intro- 
duced to effect its combustion, the gas from the gas- 
producers being almost shut off. When the reduction 
of* the ore is nearly complete, the tap-hole is brought 
into proper positicSi ; the rotatory mc^ion is stopped 
and the cinder is tapped off; afterwards the quick 
speed is put on, whereby the loose masses of iron are 
rapidly collected into two or three balls. These are 
taken out and shingled in the ordinary way ; the 
furnace is tapped again, and is ready for another 
charge. The time cf working one charge rarely 
exceeds two hours ; and at 10 cwt. per charge the 
furnace is capable of yielding 5 tons of puddled bars 
in twenty-four hours. If anthracite or hard coke be 
used for reduction, it should be crushed much finer 
than coal or lignite, while wood is to be used in larger 
pieces, the object being to consume the whole of the 
reducing material less its asli, which is taken up by 
the fluxes to form part of the slag. If it is intended 
to form cast steel instead of iron, the balls may be 
transferred without shingling to the bath of the 
Siemens’ steel melting furnace. This process, wbicli is 
still in the experimental state, promises to be of great 
value in countries where, for want of good fuel, blast 
furnaces cannot be erected. The fuel used being 
divided, part being burnt in tbe gas-producers, only 
that required for the reduction of the oxides of iron 
being brought in contact with the charge, there is 
so much less ash to be fluxed, and proportionately less 
chance of the iron being contaminated with impurities 
than when the whole amount is consumed in contact 
with the charge, as in the blast furnace. The great 
source o . economy of fuel is however to be looked for kx,. 
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the fact that whereas blast-furnace gases contain large 
quantities of carbonic oxide, and are given oil’ at 330®, 
the gas of the rotator is essentially carbonic acid, 
which passes from the regenerator to the chimney at 
about 173®. The process, although originally designed 
use with pure rich ores, gives iftin of good quality 
with low-class ores. 

In the latter case the loss of iron is considerable ; 
part of it being used as flux in order to jjrcvent the 
reduction of phosphorus, as in the Catalan process. 


CHAPTER XVI. 


rOUGE AND MILL MACHIXEUY. 

The machines used in the coiniiression and welding of 
the rough balls of malleable iron into blooms are of two 
different kinds, namely, hammers and squeezers, the 
former acting by percussion, and the latter by compres- 
sion. In addition to these, it is usual in puddling forges to 
reduce the blooms obtained by hammering or squeezing 
to rough bars bypassing them at the same heat through 
a rolling mill. 

By the term forge is usually understood those portions 
of iron works which are intended for the production of 
puddled blooms or rough bars, including the puddling 
furnaces, shingling machines, and puddling rolls. The 
remaining portion of the works, whore the rough bars 
are reheated and reduced to finished or merchant iron, 
is known as the mill, and includes the reheating or 
balling furnaces, and the various kinds of rolling mills 
and finishing machinery employed in the production 
of plates, bars, and other merchantable produ(^^ 

r 3 \ 
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The oldest and simplest class of machines used in 
forging blooms are lever haminc'i s. These are of two 
classes, namely, tilt hammers, whore the axis is between 
the point of application of the earn and the head, and 
helves, or lift hammers. In the former, the head is placed 
near the end of tlfe longer arm, whiles the cinn acts^- t- 
the end or tail of llie shorter one. In lifting hammers, 
or helves, the haiiiraer block and the lifting cam aro 
placed on the same side of the fulcrum. These, again, are 
of two kinds — the tenant, nose, or frontal helve, where 
the cam acts upon a tongue immediately in front of the 
hammer-block, corrcsimnding to a lever of the second 
order, and the belly helve, which Has the cam shaft 
placed below the floor, and acting about midway 
between the fulcrum and the head, forms a lever of 
the third order, so that the anvil is free on three sides. 
In all of the pi’ccieding varieties the axis of rotation 
of the cam ring is placed at right angles to the line 
of the hammer. Ilesides these, there is another efld- 
fashioned form known in Germany as the pitch -up 
hammer, wdiich differs from the belly helve in having 
the line of rotation of the axis parallel to that of the 
hammer stem. 

Tilt hammers are usuallv made of small sizes, the 
head of the heaviest wx*ighing about 5 cwt. ; they are 
driven at considerable speed, and are used rather in 
drawing out bars, making spikes, and finishing work 
generally, than for shingling blooms in the first state. 
The shaft or stem is made of one or more beams of 
straight- grained springy wood, according to size, 
hooped together with rings of wrought iron. The 
pivots arc either attached to a broad cenlial hoop, or 
are mortised through the shaft. The head is usually 
shaped hke that of a large sledge hammer. 
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Ilelve hammers, such as were formerly in general 
use in puddling forges, have been made of all weights 
up to 10 tons. The usual sizes are between 30 cwt. 
and 5 tons; they make between 70 and 100 strokes 
per minute, with lift of between 10 and 20 inches. 
In Staffordshire, shingling helves aSte used from 5 to 6 
tons in weight, while those for blooming piles for finished 
iron average from 7 to 8 tons. Seen in plan, the helve 
is a ^ shaped mass of east iron ; the cross arms form 
the bearing, the hammer face of wrought iron being 
keyed into a conical socket at the opposite end for con- 
venience of renewal. The use of the long heavy cross 
arm for the j)ivoLS is necessary to prevent the mass 
of the helve from shifting in its bearings, which are 
open. The height of the lift may be regulated by the 
amount of projection given to the tongue or wiper 
acted upon by the cam. In all cases it is necessary for 
the preservation of the machine never to allow the 
hammer to tall directly ujjon the anvil. For this 
purpose, when not in use, a stop or gng of iron or 
wood is placed between the head and the anvil, which 
lifts the shaft just clear of the action of the cam. By 
placing a piece of iron on the tongue of sufficient 
thickness to allow the cam to come in contact with it, 
the hammer is lifted, and the removal of the stop is 
again brought into working order. 

The foundations of forge hammers require to be vei-y 
massive, in order to withstand the violent shaking to 
which they are subjected. Large, squared balks oi 
timber upon a bed of stone masoiirj or concrete are 
usually employed, piled crossways on end for carry- 
ing the framings of the hammer and cam-ring shaft 
The anvil is a block of cast iron several times the 
weight of the hammer, standing independently’ so that 
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its vibration may not be transmitted to the bearings of 
the fixed parts. 

Fig. 28 is a longitudinal elevation of a frontal helve 
weighing 3^ tons, adapted for a forge driven by 



Fi^;. — 70 -c'Nvt. In Ivo. 

water power. The following are the weights of the 
principal parts : — ' 

Weight of liolve 70 cwt. 

Anvil loO „ 

Cam rill 123 „ 

Fly wluol 1-0 „ 

Main sliait ^0 „ 

The hammer is lifted live times in eaeli revolution of 
the shaft ; the height of the lift is 1 6 inches. A water 
wheel of 25-horse power is required to drive it. 

In water-power forges with small hammers of from 
5 to 9 cwt. a wooden spiing beam is olten used for 
augmenting the force of the blow by the violent velo- 
city of descent. This construction was in general use 
in Europe before the introduction of steam power, and 
numerous instances of it are still to be found in Sweden. 
Whc^le waterpower is used, es 2 >ecially in small forges, 
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each hammer is generally driven by its own wheel, the 
axis of tho latter moving the cam ring directly without 
intermediate gearing. In forges worked by steam power, 
where several machines are driven by a single engine, 
the hammers or helves are connected by gearing 
wheels to the d^-iving main shaft, W'ing usually placed 
as near to the puddling or heating furnaces as possible. 

The working faces of both hammers and anvils are 
subject to great wear, and require to be replaced at 
short intervals. They may be made to last for a con- 
siderably longer time when kept cool by a current of 
water circulating through them. This method was intro- 
duced by Condic, :hc inventor of the water twyer, but 
does not appear to have been adopted to any great extent. 

In erecting new tbrgcs at the present time, direct- 
acting steam hammers are generally preferred, inst(‘ad 
of the helve, for shingling and balling purposes. This 
machine, as is well known, was introduced by Xasmyth 
in. 1842, and still maintains its original construction 
in most cssentiid. particulars, although it has been 
largely modified in details, both by the inventor and 
other makers. It consists essentially of an inverted 
cylinder, vertical, high-pressure engine, supported by 
an arched or inverted V-shaped framing, formed of two 
standards of cast iron. The piston rod passes through 
the lower cylinder cover, and is directly connected with 
a heavy hammer block or tup, which moves vertically 
between guides attached 1o the inner faces of the 
standards. In tlu* single-acting form, the steam is 
emjdoj'C'd only for lifting the hammer block, which 
delivers its blow with the impact duo to tho fall alone ; 
but in tho double-acting or top steam hammer, tlio 
force of the blow is iiureased by allowmg the steam 
to act on the upper surface and accelerate thc^peed of 
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descent. A great advantage possessed by the steam 
hammer consists in the power of regulating the force of 
the blow according to the necessity of the work, as the 
block may be stopped at any portion of its stroke by 
cushioning or checking the exit of the exhaust steam. 
In shingling bloom^^., for instance, at .the commence 
ment, it may sometimes be advisable to consolidate the 
ball by short, light strokes, afterwards increasing the 
force by working with a longer fall as the iron becomes 
harder and more compact. This cannet be done with 
a helve hammer, whose height of fall, and consequent 
impact, is invariable. The weight of the hammer block 
varies with the nature of the woifk. In puddling 
forges for shingling ordinary-sized blooms, hammers 
of from 30 to GO cwt. are commonly used. One 
of 00 cwt. is sufficient to do the work of twelve 
fuiTKices, and may be worked by the waste heat of one 
or tAVO reheating furnaces. In the blooming and 
forging of heavy masses, such as piles for armour 
plates, marine engine-crank shafts, and large, irregular 
forgings for ships, as well as in steel works, very much 
larger sizes are employed, the Aveight of the block 
ranging from 5 to 00 tons. Hammers of the largest 
size are usually only made single-acting ; the use of 
steam aboA^e the piston being rai*ely resorted to when 
the weight is more than 12 or 15 tons. 

Fig. 29 is a side ekwation of a double-acting steam 
hammer constructed by Thwaites and Carbutt, of 
Bradford; it is reduced from a drawing kindly fur- 
nished by the makers. The hammer block or tup, 
weighing 8 tons, is attached by a thin cylindrical rod, as 
in the original Nasmyth hammer, to the steam piston, 
which is 28 inches in diameter, and makes a stroke of 
G feet in/‘englh. The arrangements for admitting and 
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exhausting the steam above and below the piston are 
similar to those of an ordinary high-pressure steam 
engine. The slide valve is of a tubular form, and 
balanced against the steam pressure in the valve chest. 



Fig. 29. — Thvt'nitcjii and Carbutt’s S-toii duiiblt'-acting stcnni hammer. 

SO that it may be readily moved by hand by means 
of the lever, c, d is the handle which moves the steam 
admission or regulator valve. The length of the up 
stroke is determined by the tappet, «, on the hammer 
block, which strikes against the arm of the bent lever, 
hy and moves the slide valve, so as to open the exhaust 
passage, which allows the steam from below the piston 
to escape into the atmosphere at e. The principal 
nammerman stands on the raised platform, \ having 
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the valve levers close at hand, at the same time com- 
manding an uninterrupted view of the work in process 
of forging on the anvil. 

In small hammers below 12 or 15 cwt., such as are 
used for heavy smithing, and instead of the old tilt 
liammcr in steel woi^vS, the framing is qften reduced to 
a single standard overhanging its base, giving a clear 
working space on three sides of the anvil. Wrought- 
iron standards have lately been introduced. 

Another typo of steam hammer is that having a 
piston with two unequal surfaces exposed to the action 
of the steam > by employing a very thick piston rod. 
The lower or smaller surface is con8ta..tly in connection 
with the steam by an open port, while it is only 
allowed access to the larger face during the driving 
portion of the stroke. 

Condie’s hammer is distinguished by the peculiarity 
of having a fixed piston and a movable cylinder, the 
latter being cast in o^* with the hammer block. The 
piston is suspended oy a rod connected with a ball-and- 
socket joint to the top cross bar of the framing. 

In many modern liammers parallel guides below the 
cylinder are not used, the piston being prevented from 
turning by using a rod of angular or irregular section, 
such as a square or a cylinder, with a portion of its 
surface planed down to a flat face, passing through a 
stuffing box of a similar figure. 

The anvils of steam hammers require to be of great 
weight, and so arranged as to stand completely clear 
of the ground carrying the framing. For moderate 
sizes, a convenient foundation may be made of squared 
timber, placed on end above a bed of broken cinder 
beaten hard, or concrete ; but in the monster hammers 
used in gTecl works, the anvil and its foundation are built 
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up of masses of cast iron. Thus in Krupp's 50-ton 
hammer, which has a maximum lift of 10 feet, the 
anvil, weighing 186 tons, is carried upon a substructure 
of cast iron, formed of eight blocks, weighing from 125 
to 135 tons each. 

Ramsbottomis horizontal hamiScr consists of two 
blocks or rams of great weight, supported by friction 
wheels, travelling on a short level railway, which 
can be drawn together or separated by a vertical 
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steam engine acting upon a system of link rods. There 
is no anvil. The mass to be hammered is supported 
upon a carriage on a central platform, and is struck 
simultaneously on cither side by the meeting of the 
rams. The general construction of the machine is 
shown in Fig. 30. a a- are the two hammer blocks, which 
are moved by the piston, hy of an ordinary double- 
acting steam engine by means of the connecting rods, 
c c, d is the slide valve, and e the admission valve, 
both of which can be worked by hand levers. The 
ingot, in process of hammering, is fixed uprj^ht in a 
cast iron carrier, fy united by a link rod ‘ with a 
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lever carrying a counterbalance weight at the oppo- 
site end. A hand lever, g, attached to the same 
shaft, serves to raise or lower the ingot, so as to bring 
a fresh portion of its length within the range of the 
hammers. 

In the newest form of this hammeu; the blocks or 
tups, weighing 30 tons each, are driven directly by a 
pair of horizontal steam engines, without the use of 
link rods. Each tup is driven independently by its 
own piston, but a provision is made for equalising the 
motion by a projecting arm carrying a nut, which 
travels on a long screw running parallel with the line 
of motion, whereby, in the event of oAe mass travelling 
faster than the other, the screw acts as an auxiliary 
driving power to the slower-going one, and brings it 
up to the speed of the other, so that both may strike 
the ingot at the same moment. 

Another class of hammer sometimes used for small 
work combines the piston and cylinder with the 
method of lifting by cams. The hammer resembles 
an ordinary stamp head, moving vertically between 
guides by means of a rotating shaft armed with cams. 
The upper part of the rod carries a piston, which 
compresses air in the cylinder during the up stroke, 
the power so expended being given out by the ex- 
pansion of the air during the down stroke, giving an 
increased force to the blow, similarly to that obtained 
when steam is used on the top of the piston in an 
ordinary steam hammer. 

In all cases the striking faces of hammers and anvils 
are made removable, and are attached by dovetailed 
wedges, fitting into a corresponding groove on the 
blocks. Besides the plain faces for ordinary forging, 
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swages and moulds are often used, as, for example, in 
drawing round bars, or swaging up spherical cast- steel 
shot. 

Squeezers. In these machines the welding of the 
ball is effected by pressure applied without impact. 
They arc of dtwo kinds, namely, lever and rotary 
squeezers. In the former class, a lever of cast iron 
is made to oscillate about a fixed centre by means of 
a crank and connecting rod attached to the end of one 



Fig. 31. — ^D.oublc squeezer. Dowlais (Tniran). 

arm. The opposite arm carries a jaw or plate of cast 
iron, which may be either flat or serrated with parallel 
triangular teeth, working against a corresponding fixed 
jaw, placed in the position occupied by the anvil in an 
ordinary lever hammer. The ball is introduced between 
the jaws of the machine at the widest part, and is 
pushed backwards as its thickness diminishes; the 
ends are compressed by placing the bloom on end 
between the jaws at the greatest opening. Fig. 31 
is a longitudinal elevation of a double squeezer, i.e., 
having a pair of working faces in connection with 
either arm of the lever, in use at Dowlais, in South 
Wales. 

The rotary squeezer consists of a cylinoi^r, whose 
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surface is studded wiili blunt triangular teeth, having 
its axis of rotation placed either horizontally or verti- 
cally within a fixed circular casing of cast iron similarly 
roughened, and forming from one-half to three-quarters 
of an entire circle. The axis of the moving cylinder is 
placed eccentrically 4,.with regard to thjj,t of the case, 
so that although their surfaces are parallel, the distance 
between them diminishes in the direction of the rotation. 
The ball is entered at the widest part, and being carried 
forward by the action of the C3^1iiider, is gradually 
reduced in thickness by compression against the surface 
of the casing, and emerges at the smaller aperture 
ready for the rolling mill. As theif is no means of 
i-egulating the distance between the two pressing 
surfaces, it is necessary to work with balls of a 
tolerably regular figure, and as much as possible of 
a uniform size. In Belgium one of these machines 
is considered able to do the shingling for fifty puddling 
furnaces. The speed should not exceed twelve revolu- 
tions per minute. 

Sometimes squeezers are arranged to be driven by 
a steam engine attached to the outer arm of the lever, 
but more generally they are connected to the driving 
shaft of a rolling mill, as, for instance, that employed 
in rolling blooms into puddled bars. 

In the manipulation of very heavy masses, such as 
in welding the piles for large plates, forging of steel 
ingots, &c., where a powerful compressing force is re- 
quired, hydraulic squeezers, or forging presses, may 
be used with advantage. As an example of this class 
of machine maj’’ be mentioned Haswell’s hydraulic 
hammer. It consists of a large vertical cylinder 
hydraulic press, with its ram acting downwards against 
a table, r^f^^^resenting the anvil. The ram is lifted by 
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(lie piston ol a smaller press, with w4iich it is connected 
by cross arms and side rods placed overhead. The water 
driven out of the large cylinder as the ram rises is 
returned to a vertical cylinder or accumulator, also 
containing a piston, to whose upper face steam can bo 
admitted. This arrangement is •used to obtain speed 
in moving the ram when not actually working, or 
while the resistance of the pile is mconsidcrable. When 
greater pressure is wanted, a valve, connecting the 
press with the speed piston is shut, and the ordinary 
hydraulic press pmnps, which are driven by a large 
direct-acting horizontal steam engine, are brought into 
action. In thif way, by reserving the press pump 
lor the heavier portion of the work, the machine may 
be driven nearly as quickly as a steam hammer, and 
owing to the substitution of an intense slow pressure, 
for the percussive impact of the hammer, massive 
foundations arc not required. 

• RolUug MiJh. These are now generally used in the 
production of finished or merchant iron, in preference 
to the liammcr, which is mainly confined to the old 
open fire forges of Sweden and Grermaiiy. In its 
simplest form, a rolling mill consists of two cast-iron 
cylinders, placed with their axes horizontally one above 
the other, and connected by spur gearing, so as to revolve 
at the same velocity when set in motion. The surface 
of the rolls may be either smooth, as is the case in plate 
mills, or grooved into various patterns in those used 
for the production of merchant bars. In the latter case 
the groove on either roll corresponds to half the section, 
the two together forming an aperture or rotating die 
corresponding to the shape required. Tlie reduction 
in size of the bloom is efiected by regulating the ver- 
tical distance between the two rolls, by tj:e use of 
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grooves diminishing regularly in size, or by a combina- 
t ion of both methods. Fig- 32 is a generalised elevation 
of a single pair of rolls, with both angular and flat 



Fig. iV2 . — ^Rolling mill. 


grooves, a combination which is not actually used in 
practice, but has been adopted here to avoid the employ- 
ment of a second figure. 

The journals or necks of the rolls run on brass bear- 
ings, which are supported in strong cast-iron frames 
or houHings. In Fig. 32 one of these is shown in front 
elevation, and the other in section. The motion is 
usually communicated by the lower roll, and transmitted 
to the upper one by a pair of spur- gearing wheels, 
which are placed either on the rolls themselves, as in 
the figure^yor are carried by a special pair of housings. 
When tv o or more pairs of rolls are connected into 
\ 
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one system by couplings, and driven by the same 
motor, they are called a mill or train. The first pair of 
the train are generally known as the roughing rolls, 
and the following ones as the finishing rolls. The 
latter have smooth surfaces, but the former, especially 
in puddle-ba^ trains, are often UDughened, in order to 
get a better hold on the bloom at its entry. The first * 
pair are also called the blooming rolls, as the work done 
by them is chiefly confined to welding the bars com- 
posing the pile, while the finishing pair is mainly 
employed to draw out the pile so compacted. 

As the direction of rotation of the rolls is constant 
under ordinaryicircumstances, it is necessary, after the 
bar has passed through one groove, to return it by 
lifting it over the top roll, in order to bring it into 
position to pass through the next smallcT one, and so 
on in succession. This may be easily done with blooms 
of small size, but is attended with considerable difficulty 
when it is required to handle large masses of iron, and 
in any case gives rise to a certain loss of time, and con- 
sequent waste of iron by scaling, from exposure to the 
atmosphere in a highly heated condition for a longer 
time than is absolutely required. Various contrivances 
have been introduced in order to roll at greater speed ; 
the most approved principle being the use of two or 
more pairs compounded into one, as, for example, placing 
two or three pairs in advance of each other, or passing 
the bloom alternately through the grooves of two mills 
moving in opposite directions ; by receiving the bar 
on a carriage which is rapidly driven from one to the 
other by steam power ; or finally, by the use of a com- 
bination of three rolls placed one above another in the 
same housing, forming the so-called three-high train, 
which is driven from the middle, the ^lentral roll 

o 3 
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gearing forward with the lower, and back with the 
upper one, or the reverse, so that the bar, instead of 
being rolled only one way, is passed backwards and 
forwards by entering it between the grooves of the 
middle and upper and middle and lower roUs alter- 
nately. 

Very heavy mills, such as are used for armour 
plates, require to be reversed at each passage of the 
pile ; this can be the more readily done as they are 
driven at a comparatively low speed. The transmis- 
sion of the power in rolling mills, especially those of 
large size, is usually effected by toothed gearing. Smaller 
trains are sometimes driven by straps^^ an arrangement 
which may be conveniently adopted when each mill 
has a separate engine. As the rolls, when at work, 
are subjected to sudden and great variations in torsional 
strain, it is customary to make the couplings uniting 
the different members of the train of less resisting 
power til an the necks of the rolls, the joints being 
arranged at the same time so as to allow a certain 
amount of independent motion. The arrangement 
usually adopted for this purpose is shown in Fig. 32, 
where the bottom roll is supposed to be connected with 
that of another pair in the same plane on the right-hand 
side. The necks are continued beyond their bearings for a 
short distance, but with a smaller diameter, the section 
being further reduced by four concave grooves or flutes, 
as shown in the end view at a. These are united by a 
loose piece of similar form, known as the breaking 
shaft or spindle, c b, which is secured by two loose 
collars, c c, overlapping the joints. The collars are pre- 
vented from slipping by four wooden stops placed on the 
flutes of the intermediate shaft, and secured by leather 
straps. Iiy the event of the rolls being brought up 



FORGE AND MILL MACinXERY. 


ai7 


Huddenly by the resistance of the pile, the strain is 
taken by the breaking shaft, which, being the weakest 
])art of the train, gives way, and saves the rolls from 
fracture. In some instances the breaking shaft is 
further reduced in area by making a deep semicircular 
groove round jt in the middle. • 

In rolling bars of small section, which on account 
of their flexibility arc liable to be bent and distorted, it 
is necessary to keep the end straight in entering the 
grooves. For this purpose it is usual to attach parallel 
guides with plain jaws or friction rollers to the tables 
or aprons of such mills, which arc then known as guide 
mills or trains. • 

In compound mills with three rolls, the lifting of 
large piles from the lower to the upper level is attended 
with considerable labour, unless it be done by special 
mechanical appliances. The usual nut hod adopted is 
to make the feed plates or tables movable upon 
vertical guides, suspending them so as to travel freely 
by counterbalance weights passing over guide pulleys. 
The lifting may be effected either by a vibrating lever 
receiving motion from a rotating shaft- ; or more simply 
by a single-acting steam or watei-2)rcssiire engine 
placed above the rolls, and connecied to the tables by 
a cross bar and side rods. The pile, after passing a 
groove in the lower part, is lifted by the action of the 
steam or other inechunisra employed, and after return- 
ing through the upper one, drops the table by its 
unbalanced weight to the lower level, and so on, rising 
and falling alternately, until the section is sufficiently 
r(?duccd. 

The same kind of arrangement may also be used 
in heavy plate mills. The pile, after passing between 
the rolls, need only be deposited on the top of the upper 
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one, as the friction between the two surfaces due to 
the weight will be sufficient to return the pile to the 
former position, taking advantage of the fact that the 
surface above the hoi'izontal median plane of the roll 
travels in the reverse direction to that below it. 

The set, or distaice between the top and bottom 
rolls, is adjusted by means of screws (dd', Fig. 32) act- 
ing, either directly or by a cross bar, upon the bearings 
of the frames. Each screw is provided with a graduated 
head, in order that in altering the level, either end of the 
roll may be shifted equally. In rolling bars of irregular 
section, such as rails, for instance, the adjustment is only 
necessary in order to bring out the fij^ished product to 
the proper weight, and, when once made, no alteration 



Fig. 34.— Rail mill finishing rolls. 


is necessary as long as the mill is kept on the ifiiufl 
work, the progressive reduction in the section of the 
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pile being effected by passing it through grooves of 
continually diminishing area In order to prevent 
lamination between the bars composing the pile, and 
to render the welding as uniform as possible, it is 
passed through with the joints flat and edgeways alter- 
nately, in the planner indicated by the horizontal and 
vertical lines in Figs. 33, 34, which represent the sec- 
tion of both blooming and finishing rolls in a mill 
making double-headed rails. The numbers in the 
grooves refer to the order in which they are used. 

In plate mills which have no grooves the distance 
between the rolls must be diminished each time that 
the pile is passei through. The top roll must also be 
supported in order to prevent its falling upon the lower 
one when it is no longer kept up by the pile. This is 
usually done by carrying the lower bearing of the top 
roll on a vertical forked rod, whose lower end is in 
connection with a counterbalance weight sufficient to 
prevent the roll from falling. 

Great accuracy may be obtained in the adjustment 
of the rolls by attaching spur wheels to the heads of 
the setting screws, which may then be moved through 
equal spaces by a third wheel placed between them. In 
Ramsbottom’s system of adjustment, adopted at Crewe, 
the shaft of the central pinion carries a double spiral 
barrel with two chains, one of which, passing over 
guide pulleys, is connected with the ram of a water- 
pressure engine, and the other coiling in the opposite 
direction with a counterpoise weight. The rolls are 
brought together by the pull of the chain from the 
engine, and separated by the counterpoise acting in a 
similar manner upon the other chain. 

Compound or universal rolling mills consist of a 
combination of a vertical with an ordinary horizontal 
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pair of plain rolls, so that the pile may fie compressed 
equally in both directions, edgeways and flatways, at 
once. A combination of this kind, known as While’s 
mill, has been advantageously adopted for blooming 
rail piles in South Wales. The horizontal rolls are 
driven in the usiial^ way from below, the vertical pair 
being connected with them by an intermediate shaft, 
carrying a mitre-wheel gearing into a wheel upon one 
of the vertical I’oUs. The machine is driven at a very 
low speed, making only five revolutions per minute, so 
that the pile is subjected to a powerful and long-con- 
tinued pressure, as compared with the usual system of 
blooming in the first grooves of the «^oughing pair in 
an ordinary train, making from 80 to 100 revolutions 
per minute. Mills of this class may also bo used in 
the production of bars of plain rectangular sections of 
a great variety of dimensions by simple adjustment 
of the rolls, instead of requiring a special pair of 
grooves for each size, as is ordinarily the case. 

Fig. 35 represents the arrangement of the rolls 
and methods of adjustment in one of the earlier forms 
of universal mill. In order to simplify the drawing, 
the whole of the driving mechanism is omitted. The 
vertical rolls arc adjusted by the central sliding pinion 
on either side, which acts on the setting screws. The 
bearings are supported upon horizontal guide bars 
placed between the housings. In the newer forms 
of this mill only one of the vertical rolls is made 
movable. 

In rolling taper iron, such as the tongues of rail- 
way switches, the setting screws are provided with 
lifting gear, so that the distance between the rolls may 
be continually and uniformly varied during the final 
passage o/ the bars. In the first instance, the rolls are 
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screwed dowifc to the proper distance for producing the 
thinnest section required, and the pressure is then 
relieved either by a train of gearing wheels, working 
pillions on the heads of the screws, or by allowing the 



Fig. 85.— UniTeraal rolling milL 


upward pressure of the iron passing through the mill 
to lift the roll. In the latter plan, in use at the 
]\Iersey Steel and Iron Works, the pressure is exerted 
against a solid plunger working in a cylinder filled 
with water, and provided with a small discharge 
passage, stopped by a conical plug valve. As long as 
the valve is closed the water within the cylAder, from 
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its incompressibiKty, acts like a solid bedy, and keeps 
the rolls together ; but wl^en the passage is opened, the 
pressure from below drives the plunger upwards and 
expels the water, thereby relieving the bearings of the 
top roll, which is then free to rise, the rate of its 
upward motion beirg regulated by the aperture pre- 
sented for the efflux of water from the cylinder. 

The finishing rolls of plate mills are cast with 
strongly-chilled surfaces, which are afterwards turned 
and polished, the necks and other portions being 
formed in sand moulds. 

The roUs of rolling mills are subjected to great heat 
when at work, from the direct conta^'; of glowing iron, 
as well as from its friction in passing through the 
grooves. In almost all cases they are cooled with water, 
which is led through a gutter above the framing, and 
distributed in small streams over the working surfaces 
and necks continuously. 

The size and speed of rolling mills vary witbin 
very wide limits, according to the character of the 
work done. Thus reversing miUs for heavy plates 
may make from 26 to 30 revolutions per minute, while 
small mills rolling wire are driven at from 500 to 600 
revolutions in the same time. 

In Staffordshire the puddled bar train usually in- 
cludes two pairs of rolls, from 18 to 20 inches in 
diameter, and from 3J to 5 feet in length between the 
bearings. The grooves of the roughing pair are of a 
curved or Gothic form, as in the right half of Fig. 32, 
giving a rough square to the bloom. Those of the 
finishing pair are rectangular, like those on the left 
side of Fig. 32, and capable of rolling flat bars from 
2 J to 7 inches in breadth, and from half an inch to 2 
inches in thickness. Sometimes a third pair is added 
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for rolling slSbs from 7 to 15 inclies wide, whicTi are 
used as covering plates for piles intended for making 
plates. 

A mill of the above dimensions serves from six- 
teen to twenty furnaces. For ordinary- sized merchant 
bars, the diameter of the rolls is ffbm 12 to 16 inches, 
and the length from 4 to 6 feet for the roughing, and 
from 3 to 3^ feet for the finishing pair. The number of 
revolutions is from 60 to 75 per minute, according to 
the size of the work. 

In South Wales the rolls used in blooming rail piles 
are from 20 to 24 inches in diameter, and from 5 to 6 
feet long. Whefi they arc worked as reversing rolls 
the speed does not exceed from 25 to 30 revolutions per 
minute ; but compound (three-high) mills may be 
driven much faster. The finishing train makes from 
80 to 100 revolutions per minute. 

Plate mills are usually made with three pairs of rolls. 
The first pair are grooved like those of a barmiU for bloom- 
ing the pile ; the second are the roughing pair proper ; 
while those of the third, or finishing pair, are cast 
with chiUed surfaces, and are highly polished. The ordi- 
nary sizes are from 5 to 6 feet long, and from 20 to 24 
inches in diameter.. The working speed varies from 
25 to 30 revolutions per minute for heavy, and from 
30 to 40 for light plates. 

Shears are used for cutting up puddled and other 
bars into lengths for piling, and also for trimming 
up the rough edges and ends of finished plates, bars, 
and sheets. For the former purpose, some form of 
lever shears, having one fixed and one vibrating jaw, 
the latter forming one arm of a straight or bent lever, 
moved by a crank or eccentric, is generally n^ed. 

Fig. 36 is an example of a heavy shearing machine 
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used at Dowlais, in South Wales, for cutting up puddled 
bars into lengths for piling. 

When it is required to take a cut of considerable 
length, guillotine shears, with a diagonal-edged knife 
which moves vertically between parallel guides, arc 
often used, especial fy in boiler and other plate work. 
These are generally machines requiring considerable 
power, and are di-iven by a steam engine attached to 
the same framing. Rails and other thick bars are 
finished by sawing off the rough or crop ends, and 
filing down the marks left by the saw while still hot 



from the rolls. The circular saws used for this 
purpose are between and 4^ feet in diameter, and 
are driven either by belts, or, in some instances, by 
direct-acting steam turbines placed on the same shaft. 
The number of revolutions varies between 900 and 
1,300 per minute. 

In the slitting mill the rolls are replaced by spindles 
carrying a series of steel discs, fixed a certain distance 
apart by^stops. The discs on one spindle interlock 
with those on the other, forming a rotary shearing 
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machine, Avith several pairs of blunt-edged cutters. 
When a thin, flat bar of iron is passed through 
in the same manner as in an ordinary rolling mill, 
it is divided by the blades into thin rods of rectangular 
section, which are dcJivercd in a very crooked con- 
dition, being bent and distorted^ by the pressure of 
the blades. These, when straightened by hand, are 
made up into bundles for the use of the nail forges, 
and are known as slit or nail rods. 


CHAPTER XVII 

REHKATTNO AND WELDING. 

The rough bars or slabs ot malleable iron, obtained 
in the processes of puddling and shingling, require to 
be subjected to further treatment in order to produce 
finished or merchant iron. For this purpose they are 
cijt into short lengths, which are made into nearly 
cubical packets, or piles, and subjected to a further 
consolidation by hammering and rolling at a welding 
heat, until a bar with a uniformly smooth surface, free 
from cracks or flaws, is obtained. 

The operation of reheating may be performed in 
several different ways, as, for example, in the open 
hearth, in direct contact with the fuel — a method that, 
as has already been stated, is commonly practised in 
making malleable iron in the hearth finery ; in tho 
hollow fire, immediately above the fuel, but without 
touching it, used in the South Wales forges ; and, 
finally, in the reverberatory furnace, which is the plan 
most generally adopted at present. 

The reheating furnace, Fig. 37, also knoyn as the 
lulling or mill furnace, is in external appearance not 
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unlike that used in puddling, being cased mth cast-iron 
plates in a similar manner. The principal difference 
is in the proportion between the surface of the fire 
grate and that of the bed, which is less than is the case 
in the puddling furnace, as, although a higher tem- 
perature is requisitdj it is less subject ^o fluctuations, 
being maintained as uniform as possible. The arch of 
the roof, except in special cases, is comparatively low ; 
and the bed, which is made of sand consolidated by 
pressure when in a moistened condition, slopes from 
the fire-bridge uniformly towards the flue, in order to 



Fig. 37.— Reheating or balling furnace. 

allow the slag or cinder formed by the combination of 
the sand with the scale on the surface of the iron to 
run off freely towards the bottom of the stack, where it 
is let out of the furnace. This, like most of the other 
slags produced under similar circumstances, is in com- 
position essentially a tribasic silicate of protoxide of 
iron, and is distinguished by the name of flue cinder 
from that of puddling furnace, or tap cinder y the former 
flowing constantly, while the latter is only removed 
from the furnace at intervals. A small fire is usually 
placed in front of the stack both in reheating and pud- 
dling furnaces, in order to prevent the cinder from 
cooling arfi becoming solid in the tap hole. 
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Fig. 37 is^ longitudinal section of a reheating fur- 
nace, such as is used for bars of ordinary sizes, which 
are finished from the pile at a single heat. The bed 
is made of fire-brick, covered with a thick coating of 
sand. In other respects it is very similar in construc- 
tion to the puddling furnace. In^Drder to prevent the 
access of air to the bed, it is necessary to keep the 
fire grate thickly covered with fuel, and the door must 
be well stopped for the same reason. 

In reheating small sizes of iron, it is advantageous 
to use a furnace with a small hearth and large grate, so 
as to be able to bring up the piles rapidly to a welding 
heat, in order to* prevent the loss by oxidation conse- 
quent upon unnecessary exposure. When the dimen- 
sions of the pile are such as to require several passages 
through the miU in order to reduce it to the proper 
section, it is often necessary to subject it to a second 
heating ; for this purpose, furnaces of special construc- 
tion are used, corresponding in dimensions to the form 
of the pile at the end of the first heat. When the 
bed is of a large size, as, for instance, in the furnaces 
used for reheating unfinished plates, a second fireplace 
is placed at the flue end, with its axis at right angles 
to the principal one. This class of furnace is used in 
reheating long and heavy bars, and also in armour- 
plate mills. 

Piling for Merchant Iron. The amount of work put 
into bar iron varies with the quality. For the commoner 
kinds, puddled bars, or No. 1 iron, cut into lengths, are 
piled, and when brought to a welding heat are rolled 
ofiP, either with or without first being worked into a 
bloom under the hammer. More usually, however, the 
iron of second rolling, or No. 2, is employed as the 
top and bottom plates of the piles, when making 
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finislied, No. 3, or hnt iron. Beyond tUis, if further 
piled and welded, the iron is distinguished as best best 
and treble best^ according to the number of heatings and 
weldings to which it has been subjected. The harder 
and more granular kinds of iron, such as that used for 
tires in Yorkshire, ai\3 worked almost exclusively under 
the hammer, the rolling mill being only used in giving 
the proper figure to the bar at the finishing stage. 

The covering slabs for the tops and bottoms of rail 
piles are sometimes made by doubling and welding two 
puddled blooms together under the hammer, which are 
then reheated and rolled to the proper size without 
having first passed through the stated of puddled bars. 
The use of single plates for the outsides of piles is 
necessarj’’ in order to get a clean surface, as butt joints 
do not weld properly unless they are covered. In all 
cases the ends of the bars forming the pile must be 
cut square, and aU the surfaces in contact must be as 
clear as possible from scale and rust. 

Piles for bars should be made as thick and square as 
can be done consistently with the form of the blooming 
grooves of the mill, in order that the iron may be 



^■ig. 38. — Sections of piles for flnisliod iron. 


subjected to great longitudinal extension. The length 
will of course depend upon the weight of finished bar 
required. 

Fig. 38 shows the arrangement of the various qua- 
lities of bars and slabs in pile for different kinds of bar 
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iron. The Sarkcr-shaded parts indicate slabs of re- 
worked No. 2 iron, scrap bars, or similar qualities, the 
lighter parts being puddled bars, a is one out of many 
Icinds of pile adopted in the manufacture of rails, b 
and c are Belgian piles for T aiid girder iron, the 
finished sections being given in the centre to the same 
scale. i> is Beattie’s system of piling or faggoting 
adopted for railway axles. It consists of a ring, built 
up of several segments, arranged round a central cir- 
cular bar. The bars composing the piles are kept 
together by bands of wire before they are placed in 
the heating furnace. 

The following ixample gives the details of manipu- 
lation in rolling bars of different sizes followed in a 
South Staffordshire forge in the year 1861 : — For bars 
of 1 inch square the pile was made up of 6 bars, each 
three-quarters of an inch thick, and 4 inches wide, the 
top and bottom plates being of doubled blooms, while 
the intermediate ones were ordinary puddled bars. The 
length of the pile was 18 inches, and its weight 100 lbs. 

Two heating furnaces were used, each containing a 
charge of eighteen piles, which, when at a proper 
welding heat, were passed eleven times tlirough the 
lolls, the grooves being arranged as follows: — ^flrst, two 
of rectangular section, then five Gothic, and, finally, 
four square finishers. 

The work done by the two furnaces in twelve hours 
amounted to 9 tons (long weight) of finished bars. The 
loss on the weight >of the piles was about 15 per cent., 
an amount made up of 5 to 6 per cent, caused by 
oxidation in the furnace, and the remainder, 9 or 10 
per cent., in crop ends and waste in rolling. 

The consumption of coni was from 50 to 55 per cent, 
of the weight of the finished bars. The time occupied 
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in rolling a single heat was from thirty to thirty-fiye 
minutes. 

In making round bars of 4 inches in diameter and 
16 feet long, the pile was 10 inches wide, 11 J inches 
high, and 6 feet long. The top and bottom were each 
composed of three tJiicknesses of pud^ed scrap bars 
hammered and rolled, while the centre was made up of 
five layers of ordinary puddled bars. Three heating 
furnaces were used, each holding a single pile, which 
required from two and a half to three hours to bring 
it to a welding heat. In rolling, the pile was passed 
through eleven times, being turned a quarter round 
each time, so as to bring the joints in^o the vertical and 
horizontal positions alternately. The loss in the pro- 
cess amounted to between 30 and 32 per cent., out of 
which about two-thirds, or 21 per cent., was accounted 
for in the crop ends. The coal burnt amounted to 65 
per cent, of the weight of the finished bars. 

In making small sizes of merchant iron, such as smalj 
round or square bars or hoops, the pile, after being 
partially drawn to a square bar, is cut into lengths 
known as billetSy which are afterwards finished sepa- 
rately. The work is done very quickly, although, 
owing to the small size of the billets, the daily produce 
expressed in weight is not very large. When the 
billets are finished in one heat, the consumption of coal 
is from 11 to 12 cwt. per ton ; but when two heats 
are required, the amount is increased to 20 cwt., or 
equal weights with the bars produced. 

In South Wales the ordinary weight of the pile for 
rails is about 15 cwt., long weight, four being placed 
in the furnace at once ; the whole of these are rolled 
to blooms in a triple mill in five minutes, each passing 
through lour times alternately flat and edgeways. 
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The second hSat ia effected in half an hour, the furnace 
being similarly charged, when the blooms are passed 
through the rail mill nine times, the whole operation 
being performed in one minute. In order to keep the 
mill constantly at work, fourteen heating furnaces are 
required, ten fotf* the first, and fouf for the second heat. 
The loss, including the crop ends, is about 20 per cent, 
on the weight of the pile. In some cases these are 
passed through a special flattening mill, in order to 
reduce them to a rectangular figure for greater con- 
venience in piling, but more generally they are 
converted into slabs in the same manner as ordinary 
puddled bars. 'Wie special application of crop ends to 
the manufacture of iron free from phosphoms, by 
Parry’s process, has been previously noticed at p. 285. 

The total amount of coal consumed in the manu- 
facture of iron from the ore to the finished bars of 
common, or No. 2 quality, may be taken at five times 
the weight of the latter, with an increase of about 
10 cwt. jjer ton for every additional heat. 

Plates and sheets are divided into classes accord- 
ing to thickness, the former term being restricted 
to all sizes above No, 4 of the Birmingham wire 
gauge, corresponding to a thickness of 0*238 inch. 
Sheet iron is further classified into three divisions, as 
follows : — 

Singles, including from No. 1 to A >. 10 gauge or 0-238 to 0-035 in. thick. 
Doubles „ „ 20 „ 25 „ 0-035 '020 „ 

Trebles or lattens „ „ 25 „ 27 „ 0*020 0*01G „ 

The piles for the heavier classes of plates are built 
up of layers of bars, placed alternately across each 
other, instead of having their longer sid^s parallel, 
as is the case with ordinary bar iron. The covering 

K 
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slabs, or top and bottom plates, are flSt bars, from 
9 to 12 or 14 inches wide, and from 1 inch to 1 J inches 
thick, which are made by doubling two puddled blooms 
under the shingling hammer, and rolling to the proper 
size at one heat. 

For boiler plates •'measuring 6 feet long, by 3 feet 
broad, and of an inch thick, weighing about 2^ 
cwt. each, the pile is made 20 inches long, 6 to 7 
inches high, and 12 inches broad. The whole of 
the work is done at one heat ; the pile is reduced to 
a roughly-squared bloom by passing it lengthways 
through three grooves in the blooming rolls, then four 
times through the plate- roughing rolls in the direction of 
the breadth, which draws it into a thick-squared plate, 
and finally, three times lengthways through the finish- 
ing rolls. The difference in weight between the finished 
plate and the rough bars taken for the pile is from 
20 to 22 per cent. : this amount includes the waste in 
reheating and scrap produced in shearing the edges 
to the proper size. The amount of coal consumed in 
the reheating furnace is from 14 to 15 cwt. per ton 
of plates produced. 

For the larger sizes of sheets, such as singles of No. 
12 gauge, measuring 6 feet in length by 2 feet in 
breadth, the piles, 20 inches in length, 7 inches in 
breadth, and 4 inches in height, arc made up of the 
scrap and crop ends produced in making the top and 
bottom plates, which are three-quarters of an inch thick. 
The weight corresponding to the above dimensions is 
about 70 lbs. Nineteen or twenty piles are placed in 
the heating furnace at once. In passing the blooming 
rolls, the pile is converted into a bar of double the 
original length, without any alteration in breadth, and 
is then cut into two parts, each of which is passed cross- 
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ways tlirough the rougliing rolls, until it is reduced 
nearly to the breadth required in the finished plate. 
After passing four times lengthways through the Wish- 
ing rolls, the two halves of the original bloom are 
placed one above another, and passed through together 
three or four times more ; they ai% then nearly cold, and 
are immediately taken to the annealing furnace, where 
they are subjected to a low heat to soften them, after 
which they are sheared to the proper size and finished. 

The rolling of thinner sheets is very similar to that 
last described, except that the piles are of a much 
simpler character, on account of their smaller weight, 
consisting simply of three or four plain flat bars. For 
doubles of 20 to 24 gauge, the rough bar is eut in two, 
and the halves are passed through the plate rolls, first 
separately, and then together, as in the preceding 
instance. The rough sheets are placed together in 
bundles of four in the annealing furnace, and after 
heating and passing through the finishing rolls, are 
subjected to a second heat in the same furnace before 
being sheared. 

Lattens or trebles of No. 27 gauge, measuring 54 
inches in length, by 28 inches in breadth, and weighing 
to 6 lbs. per sheet, are made from roughed-down 
slabs 4 inches broad, and half or three-quarters of an 
inch thick, cut into lengths of about 18 inches. These 
lengths are heated to redness, and passed separately 
through the roughing rolls, and two or three times 
through the finishers, after which they arc doubled, and 
the rolling is continued until they have cooled to a dull 
red heat, the original blank having by this time become 
extended to a sheet measuring 32 inches by 24. 

In rolling after the first annealing heat,^our plates 
are taken together, and in finishing, which follows 
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final or second annealing heat, eight thicknesses are 
passed through at the same time. Owing to the 
number of reheatings, and the large amount of surface 
of the finished work as compared with its weight, the 
loss and consumpiion of materials arc comparatively 
large. For the production of 1 ton of 'sheets sheared 
to the proper size, 25 cwt. of coal are required, and 
25 or 26 cwt. of rough bars. Out of the w'aste of 6 or 
6 cwt. on the latter quantity, about 4 cwt. are ac- 
counted for in the shearings and crop ends, produced 
at different stages of the process. No great amount of 
scaling takes place, owing to the comparatively low 
temperature at which the work is done. 

Thin sheet iron or hlach pJaiVy intended for tinning, is 
made in a similar maimer to that last described, the 
unfinished work being doubled after every li eating, so 
that at last as many as sixteen thicknesses arc passed 
through tlio mill together. When reduced to the 
proper dimensions, the pLates arc brought to a bright 
metallic surface by pickling in \vcak sulphuric acid. 
A final polish is given by cold rolling, after which the 
plates or sheets arc ready for tinning. 

Very heavy plates, such as tliose used for ships’ 
armour, are made either by hammering or rolling alone, 
or by a combination of both methods. In the first 
ease, the original material is best scrap iron, made into 
piles weighing from 1 to 1| cwt. each, which are balled 
in threes or fours into a slab at one heat. According 
to the thickness of the plate required, these slabs are 
reheated either alone or doubled, and reduced at a 
second forging to an oblong slab, somewhat thicker 
than the finished plate, with two squared and two 
chamfered^ edges. In finishing, two pieces arc joined 
to form a section of a plate of the required bre^adVb, by 
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joining ilie -^perod edges together on the shorter sides, 
and finally, the l('iigth is made up by adding as many 
pairs as may be necessary. For convemcncc ofmanipu- 
hitioD, a staff, or porff^ lm\ wth a capstan-headed ring 
fixed to it, is welded to one of the unfinished plates, in 
order that it ^nay I'oadily be tuBiied on the anvil, as is ^ 
usual in all large forg*ings. The final forging, to reduce 
ilic plate to the proper thickness, is effected at a moderate 
rod heat, water being constantly thrown on the surface 
to clean it from scale. When finished, it is annealed by 
heating to redness and slow cooling. By tlie use of 
tapered edges the surfaces of contact cross the finished 
plate obliquely. • 

Rolled armour jdates are put together as follows : — 
The balls from the puddling furnace are shingled and 
rolled to slabs about 12 inches broad, 30 inches long, 
and 1 inch thick. Five or six of these slabs are in a 
second heat rolled to a slab about 4 feet square. At 
the third piling, five or six slabs of the second heat are 
welded and rolled into a plate 8 feet long, feet 
broad, and 2| inches thick, weighing rather more than 
30 cwt., and made up of between twenty-five and 
\hirty-six original inch slabs of Ifo. 1 iron. 

The edges of the plates require to be kc'pt as true as 
possible, so that a certain amoimt of shearing may be 
necessary at the inteiTnediatc stop of the process. For 
the finished plates of 4J or inches in thickness, four 
of the large 30-cwt. plates are piled together, and re- 
heated in a fui'uace having a fireplace at either end. 
In order that the whole pile may be uniformly heated, 
the lower surface, instead of touching the bed of the 
furnace, is supported on six small jiillars of brickwork, 
so as to allow the fiame to pass below it. ^Thc door of 
the furnace is placed parallel to the axis of the rolling 
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mill, and the pile, when sufficiently lieaUd?d, is drawn 
forward with tongs, and received on a truck, which 
runs upon a railway directly to the rolls. A similar 
truck is placed on the opposite side of the mill, and 
the pile is passed forwards and backwards by reversing 
the rolls until it is iv'duced to the proper thickness. 
The surfaces of these trucks incline towards the rolls, 
or are provided with friction rollers, so that the pile 
may be easily pushed between them by hand, the force 
of the rolls being sufficient to drive it up the incline of 
the receiving surface. The plate, after leaving the rolls, 
while still hot, is placed upon a cast-iron table, and 
rendered perfectly smooth and flat by passing a roller 
weighing 7 tons over it. When cold, the rough edges 
are dressed up square on a planing machine. Armour 
plates are now regularly made of all thicknesses up to 
12 inches. One of that thickness 14 feet long and 
5^ feet broad, weighs 15 tons 7 cwt. 

The composite character of rolled bar iron mad© 
from large piles may be rendered evident by etching 
a polished transverse section with weak sulphuric acid, 
when a scries of irregular curved lines will be developed, 
corresponding to the original surfaces of contact of the 
component slabs. Uniformity in the character of the 
lines is a sign of good welding; but black irregular 
patches indicate that the cinder has not been entirely 
expelled. 

Application of the Waste Heat of 'Puddling and Re- 
heating Furnaces, Under ordinary circumstances, the 
heat developed by the coal burnt in the fireplaces of 
these furnaces is but imperfectly utilised, as the fiame 
leaving the hearth at the welding temperature of iron 
escapes int(j' the atmosphere at the top of the stack, 
carrying away an amount of heat greatly in excess of 
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(hat necessa*:^ to keep up the draiight of air through 
the fire. In order to economise some portion of this 
heat, various methods have been adopted of interposing 
cooling substances by passing the flame through the 
flues of steam boilers or blast-heating stoves. The 
former method is used for furpjtces fired with solid 
fuel, while the latter is more especially adopted for * 
gas farnaces. A more complete method than either 
is the so-called regenerative gas furnace of Siemens, 
where the waste heat is applied in raising both the 
gases used as fuel and the air for burning them to a 
high temperature previously to their arrival at the 
point of combustion, by which means a very high and 
uniform heat is attainable. 

The commonest form of boiler used for raising steam 
by the waste heat of forge and mill furnaces is a 
vertical cylinder with a hemispherical dome. The 
flame either passes round the outside, or through a 
<jentral flue connected with the external shell by a 
series of horizontal tubes. Generally two furnaces are 
in connection with the same boiler. A more perfect 
method, but one that can only be adopted in large 
works, is to lead the flame from a considerable number 
of furnaces into a single horizontal flue of propor- 
tionately large section, which carries it through the 
heating tubes of the boiler. The resistance opposed 
by the interposed obstacles is overcome by the draught 
of a tall chimney. In this way there is no chance of 
the working either of the furnaces or boilers being 
checked by alternations of temperature, as may some- 
times be the case when only one or two furnaces are 
used with a separate boiler. 

In Hungary and Austria different combinations of 
reheating and puddling furnaces fired with gaseous 
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fuel have been recently adopted. Rlionitz a 

fumace of tbis kind has an ordinary gas generating 
chamber for burning wood, combined with three 
hearths placed in one longitudinal series. The first 
of these is intended for reheating blooms and billets 
of iron. It receivesr the full stream ^of the heated 
gases — which contain no uneombined oxygen — from 
the generator before they reach the point of final com- 
bustion at the top blast jets, which are placed in the 
usual position above the fire-bridge of the puddling 
hearth. The third bed is used for warming up the 
pig iron before melting it in the puddling process. 
Lastly, the flame, before entering the stack, is carried 
round a blast-heating arrangement consisting of two 
vertical cast-iron pipes, divided by central partitions, 
which raises the air employed in the top blast to a 
temperature of 200®. 

A furnace of this class is found to be productive of 
a certain econom}^ in iron, 129i lbs. of pig iron being 
sufficient to produce 100 lbs. of billets instead of 134 lbs., 
as was the case when the puddling and reheating were 
effected in separate furnaces. The saving of fuel is, 
however, very considerable, 7*9 cubic feet of wood 
being now found sufficient when 18 cubic feet were 
formci ly required. 

A semewhat similar combination to the preceding 
is applied to the waste heat of an open reheating fire 
at Reichenau. The hearth is of the usual rectangular 
form, but is blown with two twyers instead of one. 
The fuel employed is charcoal. The hood covering 
the hearth resembles the roof over the fireplace of a 
reverberatory furnace. The flame, together with a 
considerable quantity of inflammable gas derived from 
the incomplete combustion of charcoal dust or braise 
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on the first is led into the second, or puddling 

bed, where it meets the second blast, which is heated 
to about 200*^, and is introduced through a line of 
narrow twyers, extending along the fire-bridge, and 
inclined at a considerable angle to the direction of the 
gaseous current. Behind the puddling bed are placed 
two others, for warming the iron at various stages in 
the process, which may be distinguished as Nos. III. 
and IV., and the lower part of the stack contains the 
blast-heating pipes, which arc of the horizontal serpen- 
tine form. The difierent parts of this furnace used are 
as follows : — The puddled balls from the second bed, 
after being shingled into blooms, are subjected to a 
preliminary heat in the fourth, oj’ last, which also 
serves for heating the pig iron previously to puddling, 
and are then transferred to the charcoal fire. No. I., 
where they are brought up to the proper temperature 
for conversion into puddled slabs or rough bars. The 
finished iron, which in this case is intended for waggon 
tires, is produced by rehc'ating the rough bars of the 
preceding operation in hearth No. III., and drawiiig 
them to the proper shape under the hammer. This is 
said to be a very economical furnace, in spite of its 
apparent complication. The consumption of materials 
in the difierent stages is as follows : — 

160 lbs. pig iron give 100 lbs. blooms; 

114 lbs. blooms „ 100 lbs. puddled bars ; 

104 lbs. puddled bars ,, 100 lbs. finished tire iron ; 

corresponding to a total consumption of 126 lbs. of 
pig iron and 12 cubic feet of charcoal per 100 lbs. of 
finished iron. 

Siemens’ regenerative gas furnace, as applied to 
puddling, is similar in general character to the cast- 
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steel melting furn^icc described at p. 35^' supposing a 
puddling chamber to bo substituted for that contain- 
ing the melting pot a in Fig. 43. The puddling bed 
is made of cast-iron plates, surrounded by hollow 
boxes cooled with water in the usual way ; the bridges 
and flues at either end aie exactly similar, so that 
the current of heatcA gases may be made to travel in 
cither direction without affecting the working of the 
furnace. Below the ground level are placed four large 
vaulted chambers, separated from each other by thick 
walls, and filled with fire-bricks arranged in cellular 
piles, similar to those in Cowper’s stove, as shown in 
Fig. 15, p. 170. Those, the so-called regenerators, are 
employed to keep back a portion of the heat carried 
away by the gases after they have done their work in 
the puddling chamber, and which, in furnaces of the 
ordinary construction, is lost by allowing the flame to 
pass directly into the chimney. The heat taken up 
by the bricks is transferred to the inflammable gases 
used as fuel, and the air intended for burning them 
before their admission to the point of actual com- 
bustion, by which means a much higher temperature 
can be obtained than is possible with furnaces of the 
ordinary form, burning solid fuel on a grate. 

In Figs. 39 and 40 (taken from Tomlinson’s '' Cyclo- 
psedia”) the principal details of the regenerative fur- 
nace are shown as applied to plate-glass melting, and 
although intended for a different purpose from that at 
present under consideration, will be sufficient to illus- 
trate the principle of the invention, the whole of the 
construction being generally similar, with the exception 
of course of the chamber containing the melting pots n, 
which we must imagine to be replaced by a puddling 
furnace of tiie form indicated in the preceding paragraph. 




triangular section, capable of holding several tons of 
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fuel, small coal or slack being usually en^^loyod. The 
charging is effected through the stoppered hole a. The 
coal travels slowty down the inclined wall b, becoming 
gradually heated and parting with its volatile matters 
until it reaches the stop grate c. This is formed of a 
number of broad tbm-edged bars, overlapping each 
other like the laths of a Venetian blind, so as to leave 
only a series of narrow spaces between them for the 
admission of air. The combustion goes on very slowly, 
the small amount of carbonic acid produced at the bars 
being immediately decomposed by the thick column of 
incandescent fuel above, so that the contents of the 
chamber are gradually converted into inflammable gas, 
chiefly carbonic oxide, which, diluted with the nitrogen 
of the air remaining after combustion, is subsequently 
employed as fuel in the puddling furnaces. At one 
time a certain amount of steam was introduced from 
a perforated pipe at d, which was filled with water 
and heated by the spare heat of the fire. The steam, 
in its passage over the ignited carbon, was decomposed 
with the formation of carbonic oxide and hydrogen, 
whereby the calorific value of the gas was considerably 
increased. This part of the process has smcc been 
given up, owing to the difficulty of regulating tho 
amount of steam injected, and the great absorption of 
heat caused by the decomposition was found to give 
rise to an injurious local cooling unless the operation 
was very carefully watched. 

The gas evolved from the generator passes through 
the valve g into the stack h, whence it issues at a tem- 
perature of about 200°. In traversing the horizontal 
iron pipe p, it loses about one-half of its heat, so that its 
density is ^ufiiciently increased in the descending pipe 
p' to establish a continuous draught from the gas pro- 
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duced towards the furnace without the use of a special 
chimney. 

. The position of the two generators/'"/"" is shown 
in the half plan at L M in Fig. 40. The other two. 



rig. 40.— Skmeim' iuriiace. I’hiiiuf Hues. 

/'/", are similarly placed, as indicated by the dotted 
lines. The arrangement of the bricks wiU be under- 
stood from the section in Fig. 39, as well as that 
already given in Fig. 15. They are worked in pairs, 
two being heated by the waste flame, while others are 
giving up their heat to the cold gases and air. Owing 
to the large amount of surface presented by the bricks, 
the absorption of the surplus is effected with compa- 
rative rapidity, and the temperature of the current 
escaping to the chimney is reduced nearly to the 
boiling point of water. As soon as the brickwork 
has attained the proper temperature in two of the 
chambers, the current is turned into the adjoining pair 
by reversing the valves r r, Fig. 39, and r^r\ Fig. 40, 
and the heat accumulated in the brickwork is abstracted 
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by cold air, to pass through one, and gas*, through the 
other, until the second pair is heated, and so on, the 
process being kept up continuously, notwithstanding 
the intermittent actioi of the regenerators taken sepa- 
rately. 

When applied to peddling iron, a current of heated 
^ gas is brought into the furnace by a narrow rectangular 
chamber, opening into a slit in the body of the fire- 
bridge. The air comes through a parallel flue behind, 
and at a higher level, in order that it may, from its spe- 
cifically greater weight, fall towards the upward stream 
of gas, and become perfectly mixed. As in all other gas 
furnaces, the nature of the atmosphere* may be perfectly 
regulated by varying the amount of air introduced. 
This is a point of great importance in reheating furnaces, 
where it is necessary to keep out free air as much as pos- 
sible, in order to prevent the iron from burning to waste. 

The regenerative principle has been adopted by 
Lundin, at Munkforss, in Wermland, for a gas- welding 
furnace, fired with a very unpromising material, namely, 
sawdust, containing from 50 to 60 per cent, of water. 
A condenser containing a series of pipes, terminated 
with finely-perforated injection roses, adjoins the gas 
producer, so that the issuing current of gas is imme- 
diately brought in contact with a shower of finely- 
divided water, the jets being arranged to cross each 
other, and reach every part of 4ihe condensing chamber. 
The temperature is thus reduced from 350° or 400° to 
35° or 40°, and nearly the whole of the steam mixed 
with the gas is condensed, together with the tar, pyro- 
ligneous acid, and such other volatile substances pro- 
duced from the destructive distillation of the sawdust 
as may be s^isceptible of condensation by the action of 
water. In addition to the water jets, a second con- 
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densing chanJber is used ; tliis is filled with wrought- 
iron bars, piled like the bricks in the regenerators, 
which are cooled by a constant flow of water. 

The gas issuing from the condenser, after cooling 
and drying, is said to retain only 4 per cent, of water 
vapour. Of course a considerab]|jB amount of heat is 
lost by the enforced cooling, and has to be taken up * 
again in the regenerators ; but this disadvantage is 
small as compared with the increased heating power 
gained by the removal of the water. The regenerators 
for heating the gas are one-fourth larger in area than 
those through which the air passes. The consumption 
of sawdust by tWs furnace is at the rate of from 11 to 
14 cubic feet for each 100 lbs. of fini^ed iron. 

According to Siemens’ calculation, the surface neces- 
sary in the regenerators is six square feet, to take up 
the heat produced by the combustion of one pound of 
coal per hour, corresponding to 510 square feet for a 
consumption of 10 cwt in the day of 24 hours. The 
cubic capacity of the regenerators for this amount of sur- 
face is 122 cubic feet ; and, as the bricks occupy half the 
space, the volume of the latter is 61 cubic feet, and 
their specific gravity 1*8 making a weight of 1,715 lb. 
for each chamber. As the specific heat of bricks is 
0-21, or the calorific capacity 153*4, they may be con- 
sidered as equivalent, thermally, to 1,260 lb. of gas, or 
1,128 lb. of air. As, however, it is necessary, for the 
complete combustion of the gases, to admit an amount 
of air not less than 20 per cent, in excess of the 
theoretical quantity, the air regenerators are made 
larger than those used for heating the gas in the propor- 
tion of 7 to 4 as a maximum. This provision for vary- 
ing the amount of air, while the composition of the gas 
remains constant, allows the production oi a neutral, 
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oxidiciilig or reducing flame, according the require- 
ments of the process. 

An investigation of the calorific cflxjct of the Siemens’ 
furnace, in regard to the distribution of the heat de- 
veloped, has been recently published by Krans. He 
calculates that the amount of heat expended by the 
indirect consumption of the fuel, i.e., by converting it 
into carbonic oxide, to be about 31 7 per cent, of the 
theoretical effect produced b}’’ complete combustion. 

The work done by the gas burnt in the furnace, taking 
it as similar in composition to that of the glass-melting 
furnaces at Saint Gobain, and to be burnt with 20 per 
cent, excess of air, is as follows ; — 


. . 11-31 per cent, 

by 
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Of the total heating effect derivable from the gases, 
’therefore, 7GT4 per cent, is utilised, and 23'86 per cent, 
lost, or rather, not applied directly to the work. Taking 
into account the loss of 3171 per cent, incurred in the 
gas generator, we have, as the total duty of the coal 
burnt, 52 per cent., and the loss 48 per cent. When it 
is considered that these figures represent a result many 
times more favourable, as regards utilisation of heat, 
than that of the ordinary system of burning coals on 
the grate of a reverbatory furnace, we may realise to 
some extent the enormous loss in the stack of an 
ordinary puddling or heating furnace. 

At Wcilfcrsbach, near Trier, pig, smelted with a 
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mixture of cliltrcoal and coke, is treated in Siemens’ 
puddling furnace, with the following result: — The 
charge, weighing 4 cwt., is worked under the cinder, 
the boiling being allowed to progress for some time 
without stirring, by which means a pasty mass of 
white iron, containing only combiiaed carbon, is formed 
on the bottom in a condition favourable for being 
thoroughly and uniformly worked by the subsequent 
labour of the puddler. As the bed of the furnace is 
very quickly acted upon, it is necessary to cool it down 
after the working of each heat, and repair it with a few 
shovclstul of hammer scale, and, after every second or 
third, a portion of* malleable scrap is added, in order 
to keep up the necessary covering of slag over the iron 
bottom. In ordinary work, 10 heats of 4 cwt. are 
made in the 24 hours. 100*5 lbs. to I06‘51bs. of pig 
iron is required per 100 lbs. of puddled bars, and the 
consumption of coal is 85 lbs., or, in the most favourable 
cases, 70 lbs. With the ordinary furnaces, the quantities 
are 115 lbs of pig iron and 140 lbs of coal per 100 lbs. of 
puddled bars ; showing a saving of from 7 to 8 pei 
cent, in the waste of iron, and about 50 per cent, in the 
fuel. At Do W endel’s works, on the Moselle, similar 
results were obtained with the white pig iron of 
Ilayange, in a furnace fitted with a mechanical puddler, 
and taking charges of 8 cwt. From 14 to 15 heats 
were made daily, with a consumption of lOG lbs. of pig 
iron and 70 lbs. of coal per 100 lbs. of puddled bars; but 
the quality of the latter was not good, the amount of 
phosphorus retained being greater than in the bars 
produced in the ordinary furnace. Kosman attributes 
this to a want of oxidising power in the flame, and to 
the more acid character of the slag (it contained 15 per 
cent, of silica, as against 12 per cent, in the ordinary 
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furnEUje), which worked injuriously by being deficient 
in peroxide or magnetic oxide of iron, which is well 
known to be the most potent oxidising agent in the 
process of puddling, and by its greater fluidity, which 
prevented the charge being thoroughly worked without 
a great loss of time.^^ The extreme hca^ of the furnace 
is also supposed to be in some degree chargeable with 
the result, as the affinity of carbon for iron is said to 
be increased at very high temjDcratures, which renders 
the fining difficult, resulting in the production of a 
steely, imperfectly-refined product, instead of the soft 
malleable iron required. From this reasoning, there- 
fore, we may be led to the conclusioif that the Siemens’ 
furnace can be /nore advantageously applied in pro- 
cesses where heat alone is required, as, for example, in 
reheating, or the fusion of steel, than for puddling. 
At Boh-on, the results obtained in this furnace are as 
follows, according to Siemens : — The yield was at the 
rate of 20 cwt. 2 qrs. 2 lbs. of pig iron per ton of pud- 
dled bar ; while, in the ordinary furnace, 22 cwt. 2 qrs. 
20 lbs. were required, thus showing a saving, as far as 
loss of iron is concerned, of about lOJ per cent. The gas 
furnace worked off eighteen heats per shift of 24 hours, 
while the ordinary furnace made only twelve in the 
same time. The exact saving of fuel could not be ascer- 
tained, because some reheating furnaces were worked 
from the same set of gas-producers, but it is estimated 
at from 40 to 50 per cent. The amount of red ores 
used for fettling was somewhat increased, but when 
the furnace was supplied with water bridges this was 
reduced to the average proportion of 92*6 lbs. per 
charge, in addition to the ordinary allowance of bull- 
dog, while the yield per charge of 484 lbs. of grey 
forge pig was increased to 486 lbs. of puddled bar, or a 
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slight gain on"* the weight instead of the ordinary loss 
of 12 per cent. 

At Moiikbridge, near Leeds, the yield of puddled 
bars was 95 per cent, of the weight of the pig iron 
charged, while in the ordinary furnace it was only 
8S per cent. ; in^the former case, hj)wevcr, red ore was 
used to the extent of ^ cwt. per charge of 6 cwt. of 
grey forge pig, while in the latter only one- third of 
that quantity was used for the same weight of charge. 
There was a saving of fuel in the proportion of 16 cwt. 
to 20 cwt.; but this was only oblained by the use of a 
better quality of coal in the gas producers than was 
required in the oi^inary furnaces, this being in part 
due to the gas being employed for reh/iatiiig and steel 
melting as well as puddling. The furnace required 
greater care in its management than the ordinary kind. 


CnAPTER XVIII. 

METHODS OF PRODUCING STEEL. 

Methods of Producing StecL It has already been 
stated that steel forms an intermediate link between 
ordinary cast and malleable iron, and unites in a 
greater or less degree the properties of both. Its 
distinguishing characteristic, however, is the power of 
being hardened or softened at pleasure by sudden or 
slow cooling from a high temperature. 

The following are the principal methods of making 
steel : — 

1. By the Catalan forge, directly from the ore. 

2. From pig iron, by fusion and partial oxidation in 
the hearth finery. 

8. From the same metal, by a similar process in the 
puddling furnace. 
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4. By exposing bar iron to tlie actfon of solid or 
gaseous carbonaceous matter at a temperature below its 
melting point. This method is known as conversion by 
cementation, and the amount of change produced is 
mainly dcjjcndent rpon the time employed. When 
merely a surface coiii^-ing of steel is required, the process 
adopted is known as case-hardening; while, on the 
other hand, if sufficiently long continued, the iron may 
be comj)letely converted into cast iron. 

A process which may be regarded as the reverse of 
cementation is j)ractised to a certain extent upon cast 
iron, by exposing it to heat in closed vessels filled with 
finely-powdered hematite. The surface of the casting 
is decarburised »at the expense of the oxygen of the 
peroxide of iron, with the production of a malleable 
coating. Tliis is known as the method of making 
malleable cast iron. 

In the above processes steel is produced without 
melting, and is converted into bars by hammering and 
rolling, in a similar manner to that adopted in the 
manufacture of malleable iron. A more homogeneous 
product may be obtained by fusion, according to the 
following methods : — 

5. The cemented or blister steel produced in No. 4 
is broken up into small pieces and melted in crucibles, 
with or without fluxes, in 'quantities of from 60 to 
80 lbs. This is the original method of making cast 
steel introduced by Huntsman, in the neighbourhood of 
Sheffield, and is still largely used in the same district 
for the production of the higher class of cutlery and 
tool steel. 

6. By blowing air through molten pig iron until it 
is wholly# or partially decarburised. In the former 
case the necessary amount of carbon is restored by the 
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addition of highly-carburised pig, such as spiegel- 
eisen, in small quantity. This is what is known as 
Bessemer’ s process. 

In addition to the above processes, several new 
methods of making cast steel have been proposed and 
adopted to a ce^aia extent, but Tjot generally. The 
essence of these methods consist in fusing cast iron 
with oxidising, or wrought iron with carburising 
additions, or by fusing cast and wrought iron in prop(*r 
proportions alone, as in the last step of the Bessemer 
process. The following are some of the more promi- 
nent : — 

Uchathis* P races A This consists in melting in cru 
ciblcs granulated pig iron with peroxide of iron, pro- 
duced from roasted spathic iron ore, and a small quantity 
of oxide of manganese. By varying the proportions ol 
metal and ore, and especially by the addition of a 
certain quantity of malleable scrap iron, a softer or 
milder steel may be obtained. 

Obuchoic*s method of producing cast steel is generally 
similar to that of IJehatius. "\7hite pig iron is fused 
with malleable iron or steel scrap, with variable addi- 
tions of magnetic iron ore, titaniferous black sand, such 
as is obtained in gold-ivashing, arsenious acid, nitre, 
and clay, or with arsenious acid and magnetite alone. 
The opei'ation is conducted as follows; — The scrap iron, 
magnetic oxide, and clay are placed in a large clay 
cruel ilc which has been previously brought up nearly 
to a wdiito heat ; the cast iron is then run in melted 
from a cupola, and the crucible is heated until tlie 
contents are perfectly fluid ; the remaining ingredient s, 
namely, arsenious a^id and nitre, are then addeil, the 
whole being well stirred. The steel is cast in closed 
cast-iron moulds, and the ingots, as soon as *hey have 
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cooled down to a red heat, are romovefi, and taken at 
once to the hammer and tilted. 

Price and Nicholson's process consists in melting mal- 
leable iron with refined metal, that is, pig iron free from 
silicon, the relative proportions of the two metals 
being adjusted accf^rding to the charj^cter of the steel 
that it is desired to produce. 

Indian cast steel, or Wboiz, is made from malleable 
iron cut into small pieces, which are charged in 
quantities of about 1 lb. weight in clay crucibles, 
together with about 10 per cent, of dried wood of 
Cassia auriculata, and two or three leaves of Asekpias 
gigantea. The covers of the crucibles are luted on with 
clay, and whenf^dry, some twenty are heated together 
in a charcoal hearth for about two hours. On breaking 
the crucible after fusion, a round cake of steel is 
obtained, about 1 inch in thickness and 5 inches in 
diameter, which is perfectly smelted, and usually pre- 
sents a series of finely-radiating striations on its upper 
surface. Wootz is extremely hard, containing a large 
amount of carbon, and requires great care in tempering 
and forging. 

The addition of charcoal or other carbonaceous 
tuattei in the fusion of blister steel furnishes a ready 
method of controlling the hardness of cast steel, and 
is commonly practised, especially where a proportion 
of malleable iron is added to the charge. The same 
eflect may be produced by the use of crucibles made of 
blacklead instead of clay, the carbon required for the 
conversion of the malleable iron into steel being fur- 
nished by the substance of the crucible: the latter 
modification is said to be largely used by Krupp at 
Essen, in Westphalia. 

In making the so-called natural steel in open fires, 
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a metliod tliatVas formerly practised to a considerable 
extent in Styria, Westphalia, and other parts of 
Europe, but which is now being rapidly superseded by 
more improved processes, the hearth differs from that 
used in making malleable iron by having less depth, 
while the twyer is at a lower levd and more strongly 
inclined, as the molten mass is not brought directly 
before the twyer, but is dccarburised under the joint 
influence of the blast and slag, with an increased 
expenditure of time and fuel. As a rule, about double 
the quantity of coal and one-half more time is required 
to convert a charge of pig iron into steel than would 
be the case if th<^ same weight was operated upon for 
malleable iron. The best varieties of 'pig iron for the 
purpose are those containing a considerable quantity of 
carbon, such as spiegeleisen, or the strongly-mottled 
variety called hlmnige floss, containing flowers or spots 
of grey upon a white ground. Dark grey pig can be 
used, but should first bo subjected to refining. 

In Styria the process is conducted on hearths, with a 
bottom of charcoal dust about 12 inches thick. The 
first portion of the charge, weighing 120 lbs., is melted 
down with a small quantity of cinder, the latter being 
strewed over the coals, the reheating of the blooms 
(massehi), about ten or twelve in all, from the former 
operation, going on at the same time. When only two 
blooms are left, a further addition of pig iron is made 
to the extent of from 30 to 60 lbs., and the blowing 
is continued until the hearth is filled to within 1 or 2 
inches of the twyer. The fire is then allowed to go 
down quickly, the slag is tapped through a hole in 
the front plate into a trough filled with water, and the 
lump of crude steel remaining in the hearth^is allowed 
to cool, out of contact of the air, by covering it with 
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a shovelful of moistened cinders. In ubout a quarter 
or half an hour after stopping the blast, the lump is 
lifted out of the furnace, and is then divided under 
the hammer into ten or twelve pieces, which, as has 
already been stated, are reheated during the fining ol 
the next cliarge. 

The bars drawn under the hammer are hardened by 
quenching in cold water, and broken, in order to test 
their quality. They arc sorted according to hardness 
into several classes, distinguished by special names. 
The best arc known as chisel or tool steel, noble steel, 
and crude steel, below which come a variety of steely 
irons, used for scythe-making. Waggon- wheel tires, 
and similar purposes. Usually the forges are small, 
each containing tivo fires and a hammer, having three 
water wheels, two for the bellow^s, and one driving the 
hammer, which weighs from 5 to 0 cwi., making from 
70 to 1:20 strokes per minute, with a maximum lift of 
about 2 feet. When small-sizcd bars or scythes are 
made in the same forge, a lighter tilt-hammer of 3 or 
4 cwt. is generally used. With both fires at work, 
four men produce about 12 or 15 cwt. of crude steel 
blooms in sixteen hours. The consumption of charcoal 
is about 30 cubic feet per cwt. under ordinary condi- 
tions, but may be reduced to between 22 and 25 cubic 
feet by using covered hearths and hot blast. The 
proportional yield of the different kinds of steel is 
as follows for cverj^ 100 parts of pig iron treated : — 

GO parts of steel of all kinds (crude, noble, and chisel steel). 
20 ,, mock, or over-refined steel, containing soft iron. 

10 „ steely iron of different kinds. 

10 ,, loss. 

100 
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The Carinthian process is carried out with much 
larger quantities of pig iron at one time than the 
Styrian. The charge, weighing about 5 cwt., is melted 
down in a hearth some 2 feet square, with an effeetive 
depth of from 7 to 9 inches below the twyer. The 
bottom of the hearth is lined wllh charcoal dust or 
brasque in the usual way. The twyer is about 
inches wide, and plunges from 10® to 16®. The 
charge is kept melted before the blast for three hours, 
as in the ordinary process of refining, and after re- 
moval of the slag, is converted into thin plates by 
throwing water on the surface, and stripping off the 
chilled metal in (n*usts or discs of about 1 or 1^ inch 
thick. After the fire is made up, the first portion of 
the bloom obtained in the preceding operation is 
reheated and hammered — ^an operation requiring about 
an hour and a half. A quantity of from 40 to 70 lbs. of 
pig iron, with a little cinder, is then melted down gradu- 
ally, and upon this the refined metal of the first opera- 
tion is added by small quantities at a time, until the 
whole charge forms a more or less pasty or imperfectly 
fluid mass {saner) on the hearth bottom, which is 
broken up with a bar and piled into a heap in the 
centre. The amount of working depends upon the 
feel of the iron. If it dries too rapidly, fresh pig iron 
must be added, while in the opposite case of being too 
fluid, oxidation is promoted by the addition of hammer 
scale. The upper portion of the mass, being under the 
influence of the blast, loses its carbon ; while the lower 
part, being in contact with the glowing charcoal lining 
the hearth remains in the condition of cast iron. After 
making up the pile, the second portion of the previous 
bloom is reheated, and when this is finished, the con- 
tents of the hearth, having subsided to a uniform level 
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surface, are found to be sufficiently lined to allow the 
formation of a fresh bloom, which is broken out and 
divided into two parts for further treatment. The 
half blooms are again divided, and finally finished into 
bars, which arc hardened, broken, and selected in the 
same way as in Styria. 

It will be seen that the same hearth is, in addition 
to its proper work, made to do duty alternately as a 
refinery and leheating fii’e, an arrangement that must 
be attended with considerable waste both of time and 
fuel. The loss upon the pig iron is from 20 to 30 
per cent., including the reheatings the consumption 
of charcoal is from 40 to 50 cubic foot per cwt. About 
75 per cent, of the produce is good steel, which is 
reheated in special small fires, and drawn under light 
hammers into bars, which are packed in cases and sold 
us Brescian steel. 

The so-called true Brescian process practised at 
I'aal, in Styria, differs in certain details of manipula- 
iion from the preceding, the most important point 
being, tliat in reheating the blooms, they are plunged 
into the bath of molten pig iron, whereby they undergo 
a kind of surface hardening by cementation. 

In Siegen, where spiegeleisen is, or was, formerly 
treated in the open fire, the charge is melted down in 
small quantities of 60 or 80 lbs. weight upon a bottom 
of mealed iron. As soon as fusion commences the slag 
is tapped to within 2^ inches of the bottom, and further 
additions of spiegeleisen are made in diminishing quan- 
tities, from 40 lbs. at the fifth to 20 lbs. at the sevenih 
and last charge. It is sought as much as possible lo 
keep the ipass at the consistency of soft butter during 
tl^e entire operation. The bloom {schrei) ultimately 
obtained weighs 4 cwt., the time required being about 
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eight hours. It is divided into seven or eight pieces, 
which are tilted into bars, with u loss of about 20 
per cent. Ileckoned upon the pig iron, the loss is 30 
per cent., 100 lbs. giving 70 lbs. of steel, of which 
about three-fourths are of good quality, and capable of 
being proj^erly Iiardened, and the remainder mild steel 
or steely iron. It is doubtful whether this process is 
still practised, having latterly been superseded by the 
method of steel puddling. 

Puddled SlecL There is no essential difference 
between the methods of making wrought iron and 
steel in the puddhiig furnace, other than the degree of 
decarburisation to which the j)ig iron ii^subjected. The 
most highly-carburised varieties of pig iron, especially 
those containing manganese, such as spiegcleisen, 
are best adapted for the process. The furnace is 
usually of a somewhat smaller size than that employed 
for making malleable iron ; or rather, the size of the 
bed is diminished in projjortion to that of the fireplace 
and stack, in order to be able to command a very high 
temperature. The charge does not usually exceed 3 or 
3^ cwt., which is introduced in fragments as nearly 
as possible of the same size and thickness, and spread 
out so as to expose a large surface to the flame, in 
order that fusion maybe effected uniformly and without 
much oxidation. The use of only one kind or class of jjig 
iron is also necessary, otherwise, supposing white and 
grey iron to be mixed, a portion of the charge would 
probably tine and come to nature while the more 
fusible part was still unchanged. This is exactly tlio 
reverse condition to that I’equired in puddling for 
malleable iron, where a mixture of two different kinds 
of pigs has an advantageous effect in accelerating the 
process. In steel puddling, on the other hand, tlie 
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charge is rendered perfectly fluid, and covered witl 
molten slag, in order that the fining may go on 
slowly and uniformly. The presence of protoxide of 
manganese in the slag is important, as contributing 
fluidity without increasing the decarburising influence. 
By keeping the contents of the furnace well stirred 
together during the second part of the process, the 
iron separated in the malleable condition may, in the 
event of its becoming too much dccarburised, be 
brought back to the proper condition by dissolving 
it in the unaltered pig iron below, in a somewhat 
similar manner to that practised in the Siegen open- 
fire process, where the iron is prevented from drying 
to too stiff a consistency by the addition of fresh 
quantities of pig iron at intervals. In order to induce 
fining in the molten mass, the damper must be closed 
until the charge thickens and commences to rise, when 
the heat must be carefully raised during the time of 
stirring, which usually takes from thirty-five to forty- 
five minutes, or somewhat longer than is the case in 
puddling for malleable iron. The high temperature 
prevailing in the furnace keeps the contents of the 
liearth well melted, and by continued stirring, fresh 
particles of metal are cc nstantly brought to the surface 
of the fluid covering of slag. The appearance of fine, 
white, brilliant grains is a sign of the process going on 
well, and indicates the formation of steel of good 
quality and unifoim texture. If, on the other hand, 
the separated grains are large, and resemble snow- 
flakes, the product is likely to be of a coarse fracture, 
and imperfectly refined. The slag must be less basic 
than that formed in puddling for malleable iron, as the 
presence^ of a large excess of oxides of iron not only 
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reduces the flitidity, but acts too energetically on the 
removal of the combined carbon from the pig iron. 

The balling of the granular clots of steel as they 
come to nature is an operation requiring considerable 
skill; it must be done in a neutral or non-oxidising 
atmosphere, sueh as is obtainei by shutting the 
damper, and keeping the hearth filled with flame and 
smoke with an ordinary furnace, or*shutting ofi* the 
top blast when a gas furnace is used. The balls are 
shingled at a lower temperature than those of malleable 
iron, and when they cannot be immediately taken to 
the hammer, are protected against oxidation by rolling 
them in the mcltefl slag, so as to obtain a superficial 
crust or varnish, which excludes the iir from contact 
with the heated metal. 

The slowness of the fining process, and the extra 
amount of stirring required, arc sufficient to explain 
the apparent anomaly that a partial should require 
longer time than a complete decarbiirisation. Under 
ordinary circumstances the time required for working 
oflT a heat is in either case as follows : — 


FiliroiiB Iron. 

Melting down . . to 40 minutes 

Stirring . . . . ,, 35 „ 

Boiling and fining . 25 „ 30 ,, 

Balling .... 10 „ 

85 115 105 135 

As originally described in the specification of Eiepe, 
by whom the process w as introduced into England, the 
charge recommended to be used is 280 lbs., which is to 
be exposed to a red heat until the metal begins to fuse, 


steel. 

40 to 50 minutes. 
45 ,, 50 „ 

20 „ 25 ,, 



furnace commences, it. is raked into the hearth, and 
the whole mass is well mixed together. When the 
grains of steel begin to break through the cinder, as 
already described, the damper is to Ihe partially closed, 
and tlie operation of stirring htdow the cinder com- 
menced, taking care that the heat be not raised above 
cherry redness, or the welding temperature of shear 
steel. The remainder of the process of balling is done 
with a closed damper, as already described. 

It appears to be doubtful, according to the state- 
ments of most of the recent writers on tlio subject, 
whether the process can be properly conducted at the 
low temperature specified. The use of the higliest heat 
attainable in the puddling furnace was afterwards 
claimed by another patentee, and on subsequent litiga- 
tion, the term “cherry redness^' was explained as mean- 
ing a bright red heat wdien the furnace w as illuminated 
by direct sunlight. Parry states that if the heat be 
too high during the boiling, the mixed cinder and 
metal separate from each other, and the decarbuiisation 
proceeds slowly ; while, on the other hand, if tlie tem- 
perature bo too low, the cinder and metal cannot ho 
properly mixed, being of too stiff a consistency, and 
the steel v ill not be homogeneous. The temperature 
must be raised to a full yellow heat on the appearance 
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of the floa^g granules in the slag. The fire shoul 1 
he made up at the end of the boiling process, in order 
to prevent the passage of air by opening the fire-hole 
during the balling. 

It is necessary to shingle the balls ns soon as possible, 
in order to prevent the decarbur^sing action of the rich^ 
lag retained by capillarj’^ attraction upon the spong}' 
particles of steel. When the slug is poor in protoxide 
of iron it sets very quickly, and when more basic, acts 
powerfully in removing carbon. The presence of 
oxide of manganese is advantageous, as communicating 
fluidity w'ithout increasing the oxidising eflect — 
point of considerable importance, as tbe sbingling 
takes place at a lower temperature# than is tlic cas<; 
with malleable iron. In some cases an addition of 
peroxide of manganese is made immediately before 
balling, or the mixture of peroxide of manganese, clay, 
and salt, already mentioned as recommended by Schaf- 
haiitl for improving ordinary iron, is added at inter- 
vals after tbe melting down of the pig iron during the 
stirring. 

At Lohe, in Siegen, t welve heats of cwt. of white 
fibrous steel pig iron are puddled in the turn of 
twelve hours. Each charge yields from seven to eight 
balls, weighing 40 lbs. each. The loss upon the pig iron 
is 9 per cent, in puddling, with a further amount of 11 
per cent, upon the reheating, which is done in covered 
hearths with a single twyer, somewhat like the Soutli 
Wales hollow fire. The blooms are drawn into bars 
under a tilt liaminer. The produce is assorted accord- 
ing to the fracture : 78 per cent, is good hard steel, 
capable of being broken when cooled in water; the 
remaining 22 per cent, is more or less mis^d with soft 
iron. The t-otal expenditure of coal is double the 
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weight of the steel produced : out of this 84 per cent, 
goes for puddling, and the remaining 16 per cent, for 
reheating. These quantities refer to Ruhr coal, which 
is not of a very high quality. The total production 
for twelve hours is about 34 cwt. 

When grey pig ir^n is used, either plone or mixed 
with mottle-d, it is necessary to add from 10 to 15 per 
cent, of scale and cinder. In such cases the consump- 
tion of coal may be somewhat increased, as the process 
lasts a little longer than when working with iron smelted 
from spathic ores. In St 5 "rian works using lignite, with 
the advantage of good pig iron, the consumption is from 
32 to 42 cwt. per ton of steel blooms made, wnthout 
counting charcoal and w^ood for reheating. 

The use of gas furnaces is said to be of great advantage 
in the steel-puddling process, both as regards saving of 
fuel and diminishing the waste of iron. At Kirch- 
hunden, in Siegen, the saving is stated at from 35 to 40 
per cent, in the coal, and from 9 to 10 per cent, on the 
amount of iron burnt. According to observations made 
in several localities, the consumption of fuel is dimi- 
nished when the sides of the hearth are cooled by a 
circulation of air instead of water. 

The chemical changes going on in the process of steel 
puddling have been investigated by Schilling and other 
chemists in a similar manner to that followed originally 
by Calvert and Johnson. The following are Schilling's 
results of the composition of the metal and slag at dif- 
ferent points of the process, as carried out at Zorge, in 
Hanover. The charge consisted of white pig iron from 
Gittelde, and grey from Zorge, mixed in equal weights. 
The fuel employed in the blast furnace was charcoal, 
the consumption being at the rate of 100 lbs. for every 
87 lbs of pig iron produced ; — 



analyses of iron and SLAO taken at different stages of puddling (SCHILLING). 
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The metal of the sample No. III. was tdagh and strong 
cast iron ; No. IV., taken after five tools had been heated 
in rabbling, was stronger than the preceding, but of a 
tin-white colour ; No. Y. was very cellular, and resembled 
white pig iron, but was slightly malleable ; No. VI. was 
decidedly malleable, ,tund apparently ppssessed most of 
the properties of steel, notwithstanding the large amount 
of carbon present. No increase of carbon was observed 
in the earlier stages of the process, as recorded by 
Calvert and Johnson, and Lan. Schilling ascribes 
this diflFercnce to the use of a gas furnace, and the in- 
troduction of an excess of air into the furnace by the 
top blast : — 


CoiiiiESPONDiNG Composition op Slags. 


fiLAOfl TAKEN 'VN’TTH 

IV. 

V. 

VI. 

vn. 

Till. 

IX. 

X. 

Silica 

20-98 

20-51 

20-12 

20-34 

20-27 

20-40 

20-52 

Phosphoric acid 

6-25 

6-25 

5-25 

5-25 

5-25 

5-25 

5-25 

Peroxide of iron 

7-12 

4-09 

4-12 

5-20 

6-20 

4-95 

G-24 

Protoxide of iron 

58-98 

G2-03 

02-14 

61-20 

Gl-20 

Gl-34 

59-88 

Alumina • 

2-78 

2-82 

2-87 

2-87 

2-91 

3-05 

2-8G 

Protoxide of ) 

1-64 

1-64 

1-64 

1-64 

1-G4 

1 64 

1-64 

manganese ) 








Lime 

1-84 

2-14 

2-04 

1-C^, 2-12 

1-72 

1-69, 

Magnesia . 

1-G2 

1-51 

1-63 

1-52! 2-04 

1-81 

1-79 

Alkalies . 

0-93 

0.82 


assumed at 0*87 

I 

Sulphuric acid 

tra 

Lce 

1 

; 1 

not 

Lctcrmi 

ned 

. i 


101-14 

100-81 







In these slags, which are nearly uniform in compo- 
sition throughout, the oxygen ratio of acid to bases is 
as 11-687 : 18-212, or nearly 1 : 1} that of a sesquibasic 
silicate. This is supposing the peroxide of iron to be 
in combination with silica, and not replacing it. The 
large and constant amount of phosphoric acid is ascribed, 
not to the oxidation of phosphorus contained in the 
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pig iron, wliiih is obviously in too small a quantity tc 
produce such an effect, but to the ash of the wood burnt 
in the gas generator, and carried over by the draught, 
owing to the defective arrangement of the ash pit. It 
is evident, therefore, that even the above elaborate 
series of analyses does not furijish us with an exact 
idea of the changes going on during the process. 

Production of Steel hy Cementation, This process 
consists essentially in the exposure of bars of malleable 
iron, in close contact with charcoal, to a high and long- 
continued heat, the air being excluded. The furnace, 
Fig. 41, employed for this purpose, is an oblong chamber 
with a semi-cylinS.rical roof, containing two large chests 
or converting pots, a a, also of rectangular form, which 
are heated by a fire grate, Cy placed below them, and 
running along the entire length of the chamber. The 
flame is distributed uniformly by a system of transverse 
rectangular flues, d dy across the bottom and up the 
sides of the pots, and finally passes through a number 
of short vertical chimneys in the sides of the chamber 
into a tall covering hood or stack, Cy of conical form, 
like that of an ordinary glasshouse furnace or potter’s 
kiln. The size of the boxes varies in different localities, 
according to the weight of iron heated at one time, from 
8 to 15 feet in length, and.from to 3 feet in breadth 
and height, corresponding to a capacity of between 8 
and 12 tons of bar iron, with the necessary quantity of 
cementing powder. In Yorkshire they are usually built 
of sandstone flags, but in other places ordinary fire-r 
bricks and lumps or slabs of the same material are 
used. The introduction and withdrawal of the charge 
arc effected through man-holes, J, in the shorter side 
walls of the covering chambers, placed ab^ve the level 
of the top of the boxes : these holes are of course walled 
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up with brickwork when the furnace il^ lighted. In 
some instances, where the furnace is of small size, the 
roof of made in several pieces, so as to 



Vig. 41.— Steel-converting furnace. 

be easily removed at the end of the operation, in order 
to facilitate the withdrawal of the cemented bars. Two 
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small square ioles, cuioxxxxtxjuxcating witli tTie interior of 
the boxes, are placed a little lower down on the same 
side of the furnace ; these contain the trial bars used 
in determining the progress of the conversion. 

Bar iron smelted from Swedish magnetic ores is used 
in the production of the best kijds of cement steel at 
Sheffield, and, as a rule, hammered bars arc preferred 
to those made by rolling. The most esteemed brands are 
those produced at the small forges in the eastern part 
of Swtden, in connection with the Dannemora mines ; 
that of Lofsta, known as © iron, having the highest 
reputation. The ordinary sizes of bars employed are from 
2 to 6 inches in Breadth, and from one-third to three- 
quarters of an inch in thickness ; a flat form being pre- 
ferred to those of round or square section. In filling 
the pots, an allowance is made for the expansion of the 
iron by heat ; a space of about 2 inches in the direction 
of the length, and a little less transversely, being left 
between the edges of each layer of bars and the walls, 
and in like manner the butt ends of adjacent bars in 
each line must not be brought in contact with one 
another. 

The cementing material is in all cases charcoal, in 
the form of a coarse powder obtained by sifting through 
a riddle with i or |-inch meshes. No special variety 
of charcoal is necessary, that of the hardest wood ob- 
tainable in the neighbourhood being generally used ; 
as, for example, birch in Sweden, beech in Rhenish 
Prussia, and oak in England. Hard-wood charcoal is 
said to be advantageous on account of the large amount 
of alkaline salts in the ash, which are regarded as 
favouring the production of cyanogen compounds. For 
the same purpose, an addition to the charcsal of small 
quantities of carbonate of baryta, alkaline carbonates, 
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yellow prussiate of potash, animal charcoal, or organic 
matter containing nitrogen, has been recommended at 
different times, and tried experimentally ; but none of 
these substances are in general use, except in the super- 
ficial converting process of case-hardening. 

In charging the pots, the bottom is first covered with 
a coating of charcoal, and upon it the bars are arranged 
in tiers lying on the flat sides, and separated from each 
other by a layer of charcoal about half an inch thick. 
About one-third of the total cubic contents of the pot is 
occupied by the iron, the remaining two- thirds being 
filled with charcoal. When the whole charge has been 
introduced, the top of the pot is cowered with a layer 
of clay or othe^ refractory material. At Sheffield, 
grinder’s waste, or wheclswarf — a mixture of finely- 
divided, partially-rusted steel with quartzose sand, 
produced by the waste of the grindstones employed in 
grinding cutlery — ^is generally used. It is plastered 
over in a damp state, and frits together to a kind of 
glaze when strongly heated, forming a covering im- 
pervious to the air. A certain proportion of fresh 
charcoal, to the extent of one-half or two-thirds of the 
total quantity, must be used in each operation ; that 
remaining from a former charge requires to be subjected 
to washing and sifting before it can be used again. The 
mixture of the two kinds is found to give a better result 
than when fresh coal is used alone, and the conversion 
is more rapidly effected. 

When the furnace is charged, all the apertures are 
carefully stopped with brickwork or fire-clay, to prevent 
the access of air. The fire is then lighted, and in about 
twenty-four hours the chests are raised to a red heat, 
and in about two or three days more will have attained 
the proper temperature. According to the nature of 
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the steel recftiired, the fire is kept up for a period of 
from seven to nine or eleven days ; the hardest quality 
for melting purposes requiring the longest, and spring 
and shear steel the shorter time. Conversion begins at 
a temperature of about 1,000^, but goes on more actively 
at the melting point of copper, qJ)out 1,170°; at higher 
temperatures cast iron is produced. * 

The progress of the conversion is determined by the 
appearance of the trial bar ; the fii*st is taken out after 
about a week’s firing. When there is no longer an un- 
altered kernel of soft iron apparent in the centre, the 
conversion is considered to be complete, the fire is allowed 
to go down, an(? the furnace is left to cool for three 
days ; the man-hole sioppings are thw removed, and on 
the sixth day the withdrawal of the cemented bars is 
commenced, and takes one or two days more, so that the 
whole operation requires from seventeen to twenty 
days. The physical properties of ihc iron are con- 
siderably modified by conversion; the colour of the 
fractured surface changes from the original bluish 
tinge of malleable iron to a somewhat reddish white, 
like that of bismuth, and at the same time the lustre 
is considerably diminished. The texture is in all cases 
scaly crystalline. The finer the grain and the darker 
the colour, as a general rule, the more highly carbu- 
rised or harder will be the steel produced ; at the same 
time, both specific gravity and tenacity are reduced. 
A more decided peculiarity of the converted bars, how- 
ever, is the blistering of the external surfaces, whence 
the term blister steel is derived. When the blisters are 
small, and tolerably regularly distributed, the steel is 
of good quality ; but when large, and only occurring 
along particular lines, they may be considered as indi- 
cative of defective composition or want of homogeneity 
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in the iron employed. The cause of this phenomenon 
is not quite clearly made out. The most probable 
explanation is, that it is due to the irregular action of 
the cementing material upon included particles of slag, 
consisting of basic protosilicate of iron, which is re- 
duced to the metallic »tate with the evolution of car- 
bonic oxide, which blows up the surface of the metal 
when in a softened condition from tlie heat of the 
furnace. The average increase of weight in the con- 
version of bar iron into blistered steel is from J to 
^ per cent. The fuel necessary per 100 lbs. of the 
latter is as follows ; — 

» 

Coal . 9 • . ; . 75 to 90 lbs. 

Lignite 160 „ 210 „ 

Peat 200 „ 300 „ 

Wood 300 

Blister-steel bars may be used for common purposes, 
such as steeling the faces of hammers, without further 
treatment; but more generally they are subjected to 
one or more reheatings in packets or faggots, and 
weldings by hammering or rolling, whereby the texture 
becomes more uniform, and strength and elasticity ai-o 
increased, but with a progressive diminution of hard- 
ness. Spring steel is produced by heating blistered 
bars at an orange-red heat, and drawing them down 
either under the hammer or by rolling. Shear steel is 
a better quality, obtained by drawing tb/:^ original bars 
to lengths of 3 feet, which are piled together in faggots 
and welded, the reheating being effected in a hollow 
fire. The surface of the faggot is covered with clay, 
which forms a cinder in the heating process, and 
prevents the^blast from acting on the combined carbon 
of the crude bars. The product of this operation is 
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known as single shear. It may be further refined by 
doubKng the bars, and repeating the process of heating 
and welding, making double-shear steel. The best and 
most uniform quality of steel can, however, only be 
obtained by fusing the blistered bars in crucibles — a 
process that will be noticed furthef in page 354. 

Case-hardetiingy or the production of a thin super- 
ficial layer of steel upon malleable iron, is a rapid 
process of cementation carried out on a small scale. An 
iron box, heated in a smith’s forge, is used as a 
cementation chest. The charcoal is usually obtained 
by carbonising animal matter, such as bones, horn, or 
leather. The articles to be case-hardened are embedded 
in the charcoal in the ordinary way, ani are then exposed 
to heat for a short time, taking care not to use too high 
a temperature. Under the most favourable circum- 
stances the cemented layer may attain a depth of about 
three-eighths of an inch in four or five hours. The 
work, when removed from the fire, is hardened by plung- 
ing it while in a heated state into cold water, if it is re- 
quired to be uniformly hard over the whole surface, 
otherwise it is allowed to cool, and the steeled surface 
is removed by turning down such parts as are intended 
to remain malleable, and the other portion is sub- 
sequently hardened by heating and quenching in water 
as before. 

The following is the most rapid method of case- 
hardening : — The piece of iron to be treated, after being 
polished, is raised to a bright red heat, and the surface 
to be hardened is rubbed or sprinkled with finely- 
powdered yeUow prussiate (ferrocyanide of potassium). 
As soon as the powder has volatilised or disappeared, 
the work is quenched in cold water in the* usual way. 
If the process has been properly conducted, the but- 
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lUces covtTed by tlie salt will be found^to bave become 
hard enough to resist the file. 

Malleable Cast Iron, The process of annealing, or 
rendering the surface of cast-iron articles malleable, so 
that they may be filed or hammered, is a kind of inverse 
cementation, finely-divided peroxide o^ iron being em- 
ployed to remove the carbon from the surface of the 
casting. Cast iron smelted from red hematite is gene- 
rally preferred for this purpose, especially that made 
with charcoal. The fusion takes place in crucibles in an 
ordinary air furnace, such as is used for smelting cast 
steel, coke being emplo3^ed as fuel. The castings, when 
removed from the moulds, are very^orittle, and cannot 
be touched with*the file. They are then packed in cast- 
iron crucibles containing powdered red hematite, which 
are arranged in rows one above another in a furnace of 
rectangular section, somewhat similar in character to 
an ordinary cementation chamber. When the furnace 
is charged, all tlie apertures are carefully closed, and 
heat is applied gradually, so that the whole contents 
may be brought up to a red heat in twenty- four hours ; 
the firing is then continued for from three to five days 
more, according to the depth of the malleable skin 
required on the finished work. Articles of irregular 
thickness that arc intended to be bored out must be 
subjected to Che process a second time, in order to 
obtain the proper degree of alteration. 

The appearance of the finished articles, when drawn 
from the furnace, is similar to that of malleable iron, 
but lighter in colour ; the density is about the same as 
cast iron, the increased specific gravity of the malleable 
portion being counteracted by its porosity. The frac- 
tured surface is white and finely granular, with a very 
high lustre, occasionally presenting a grey silky ap- 
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poarance, recxlling that of soft steel. When the thick- 
ness of the object is more than half or two- thirds of an 
inch, a kernel of very soft grey cast iron is left in the 
centre. In the latter case the central portion may some- 
times be broken by bending the object without the 
external skin giving way. 

Malleable castings, prepared in the above manner, 
may be easily wrought cold, but become very brittle 
when heated^ breaking to pieces under the hammer at an 
incipient white heat ; at a higher temperature the kernel 
of unaltered cast iron melts, so that articles that have 
been subjected to the process cannot be united by weld- 
ing, but may he 1 razed without difficulty. On account 
of the more refractory nature of the. material, the use 
of malleable cast-iron crucibles has been suggested for 
melting silver in mints, instead of the cast-iron pots 
ordinarily used for that purpose. 

The principal application of the process is, however, to 
small articles of hardware, such as keys, buckles, gun fur- 
niture, &c. lieccntly, however, it has been applied on 
a larger scale by MTTaffie, of Glasgow, to parts of 
machinery, such as toothed wheels and screw pro- 
pellers, the latter having been successfully adopted in 
steamers employed in the whaling and sealing trade in 
the Greenland seas, where ordinary cast-iron screws 
are especially liable to be broken by the floating ice. 

The malleable skin may be partially converted into 
steel by case-hardening in the same way as ordinary 
soft iron, so that these different states of cast iron, 
malleable iron, and steel may be combined in the same 
object. Common articles of cutlery made in this way 
are distinguished as run-sicel goods. 

Production of Steel by Fusion. In all th^c preceding 
methods, the steel produced, whether by fining or 
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cementation, is, as a rule, very unequal in quality ; and 
uniformity can only be attained by repeated faggoting 
and welding, stc'ps which are necessarily attended 
with a loss of carbon, and consequent reduction of 
hardness. The requisite uniformity of composition 
may, however, be obtained by breaking up the crude 
bars produced in the forge, or by cementation, and 
exposing them to a strong heat in crucibles out of 
contact with the air. The product, when melted, is 
poured out into cast-iron moulds, fonning ingots of 
cast steely which are much more regular in composition 
and texture than the original material. 

The practice of melting steel was introduced at 
Sheffield bylluntfman about the j-ear 1740, and is still 
carried out in substantially the same manner at the 
present day. Although a simple oiieration, it is an ex- 
pensive process, owing to the large consumption of fuel 
and crucibles required for a comparatively small produc- 
tion of ingots. 

The general arrangements of a steel-melting house 
are shown in the transverse section, Fig. 42. 

The furnace, or melting hole, a, is a small square or 
oblong chamber, about 3 feet deep, from 1 J to 2 feet 
square, lined vdth refractory materials, such as fire- 
brick or the siliceous stone known as ganister. The 
top of the'fumace is placed level with the floor of the 
casting house, the grate bars and ash-pit being acces- 
sible through a vaulted cellar, b, below. The cover of 
the furnace is a square or quarry of fire-brick set in an 
iron frame with a projecting handle. There is a short 
lateral flue near the top of the furnace, communicating 
with the stack, which is nearly of the same sectional 
area as thef furnace, and about 40 feet high, in order 
to command a strong draught. Several furnaces are 
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usually arranged in longitudinal series on opposite sides 
of the casting house, leaving the centre of the floor 
clear for placing the moulds. 

The crucibles used are made of mixtures of different 



Fig. t’fl iHfJ!iiigfuniRce. 


kinds of fire-clay from the coul measures, with a certain 
proportion of ground potsherds and coke dust ; the usual 
size is from 16 to 18 inches in height, and fi’om 5 to 7 
inches in diameter at the mouth, with a slight belly 
at about two-thirds of the height from the bottom. 
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The capacity varies from 35 to 80 lbs. Usually two 
pots are placed in a furnace : they stand upon cylin- 
drical discs or cheeses of fire-brick resting on the grate 
bars. Previously to being used they require to bo 
gradually heated (o redness in an open fire or annealing 
grate, c, which is dofte by placing theifi in batches of 
twenty, bottom upwards, togetlier with their covers, 
upon a bed of red-hot coal in the grate ; and the inter- 
mediate space is then filled with coke, and the fire is 
urged until the necessary heat has been obtained. The 
pots are then removed to the melting furnaces, and fixed 
in position on their stands. The fijps are replenished 
with coke, and as soon as they have been brought up to 
a strong heat, which takes place in about twenty minutes, 
tlie charge of blister steel, properly assorted and broken 
into small pieces, is introduced through a wrought-irou 
funnel; after whiih the cover is placed on the top of 
the pot, and the full heat of the furnace is given for 
about three and a half hours, during wdiich time 
fresh fuel must be added every three-quarters of an 
hour. When the fusion is complete, which is ascer- 
tained by removing the c iver and searching the con- 
tents of the crucible with a pointed rod, in order to 
ascertain whether any hard unmclted lumps remain, the 
crucible is cleared from adherent slaggy masses by 
stirring below the grate, and is then lifted out by the 
furnaceman with a pair of curved-nosed tongs. The 
ingot mould, made of cast iron, is blackened by coating 
it with train oil and heating ; or, in some cases, a thin 
wash of fire-clay, mixed with water to the consistency 
A' cream, is used. Wh(’n the pot is removed from the 
furnace it i^ deposited in the teaming hole, d, a small 
pit filled with broken pieces of coke, and the lifting 
bags are changed for those used in casting. The cun- 
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tents of the crucible are allowed to cool for a short time 
before pouring. When the ingot mould is filled, its 
mouth is covered with a plug of cast or wrought iron, 
01 a shovelftd of sand, in order to prevent the top of 
the ingot from becoming spongy by the escape of gases 
before solidificartion. 

After the first cast the crucible is cleared from 
adherent clinker, and returned to the furnace for a 
second melting. The charge is somewhat reduced, and 
the consumption of coke, as well as the time of fusion, 
is diminished in a similar proportion. Thus the first 
melting takes from four to six hours, while the second 
and third only require from two to two and a half hours 
each. The furnace is allowed to cool after from three 
to five meltings have been made, as there is no advantage 
to be gained by keeping it constantly heated, owing to 
tlic corrosion of the lining bricks produced by the very 
high temperature, whereby the capacity and power of 
consuming fuel is increasfid, without a corresponding 
increase in the amount of steel melted. 

Under ordinary circumstances, the total amount of 
coke burnt is from three to three and a half times the 
weight of the ingots produced, when of a good quality ; 
but when made from inferior varieties of coal, i t may 
be as high as five or six times the weight. 

In France furnaces are used capable of containing a 
large number of crucibles which are not brought into 
direct contact with the fuel, but are arranged in series 
in a chamber, which is heated by a fireplace similar to 
that of a reverberatory furnace. Tbe chambers, which 
are made to hold from four to nine pois, are covered 
with a square lid in the usual way. In addition to the 
chimney draught, a blast is used below the grate, and 
a poi tion of the waste heat i* sc.iiietiiiies applied to 
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raising steam for the hammers and rolling mills used 
in finishing the ingots. Siemens’ regenerative gas fur- 
nace has also been applied with considerable advantage 
to steel melting, and by its use the consumption of fuel 
per ton is reduced from 3^ tons of coke to IJ tons of 



Fig. 43. —Siemens’ enst-slcol furnace. Section t))rongh melting chamber 
niul rcgcnerature. 


inferior slack. The arrangement, which is somewhat 
similar to that of the regenerative puddling furnace 
alrea<ly noticed, is shown in Fig. 43, where the pots, 
placed in four series of eight each in the chamber, are 



Fig. 14.- Siemens’ cast-steel furnace. F m of J!uea. 


heated by* the combustion of gas and air, which have 
been previously raised to a very high temperature by 
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their passage Through tlic left-hand pair of regene- 
rators, 1) r, tlie excess of heat carried out of the melting 
chainher being absorbed bylhe brickwork in the right- 
hand j)air, (I e, A\Tien the latter have become Ideated 
as the former cools, the current is reversed by turning 
the valves, adnptting the air and#gas into the position 
shown by the dotted lines in the section, Fig. 44. The 
course of the two currents is shown by the ari'ows. 
The spent gases, after giving up tlieir surplus heat, 
escape by the chimney at/. 

When very large juasses of cast steel are requl'^’ed, 
the contents of all the crucibles arc cither poured into 
a foundry ladle beffire filling the mould, or the pouring 
is so arranged that by bringing uj# relays of fresh 
pots, a constant stream may be kept up without iiiter- 
inission. In this way large castings, up to as much as 
40 tons, are made by Krup]), in Essen, from crucibles 
containing 70 lbs. of steel. The furnaces hold from 2 
to 24 pots each. The materials used arc reported to 
be puddled steel and wn’ougbt-iroii scrap, with an addi- 
tion of carbonacoous matter, in order to render the 
malleable iron fusible, a somewhat similar process to 
that adopted in making the native Indian steel called 
wootz. 

The drawing of the crucibles from the furnace is 
also facilitated by placing them on a platform, which is 
raised by a mechanical lifting api)aratiis ])laced below 
tbo asb-pit, tbus doing away with tbc use of lifting 
tongs. 

At the River Ron Steel Works, in ShefFeld, cast 
steel is largely made by tlie method introduced by 
]\rusbet in 1801, which consists in melting malleable 
scrap iron with charcoal and oxide of maT?ganese in 
crucibles directly, without using any blister steel. The 
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furnaces are 288 in number, each of sufficient size to 
contain two pots charged with 100 lbs. With the 
whole number at work, a casting of 25 tons' weigh! 
may be made, the pouring from the 576 pots being 
completed in five minutes. In order to keep up the 
supply, the pots are 3onveyed from their melting holes 
to the casting place on small barrows, instead of being 
carried by the tongs, as was formerly the custom. The 
steel produced is to a great extent employed in making 
castings for direct use, such as railway crossings, 
wheels, and bells, instead of merely running it into 
ingots, which are subsequently worked up under the 
hammer. The moulds used for this purpose are made 
sufficiently reflectory by the use of a thin layer of 
burnt clay, produced by grinding old melting pots, 
which is applied immediately over the pattern, the 
remainder of the box being filled with ordinary moulding 
sand. This method of steel casting was first practised 
at Bochum, in Westphalia, where it is still carried out 
on a verj'' large scale. Castings made to pattern, which 
are not intended to be subsequently hammered, must 
be anneah'd and allowed to cool very slowly. 

An addition of manganese, either as a carburet 
reduced by heating the oxide with carbon at a very 
high temperature, or a mixture of black oxide of man- 
ganese with carbonised pitch or resin, is very commonly 
used for improving steel in the process of melting. 
This is the celebrated process of Ileath, which formed 
the subject of long and protracted litigation a few 
years back. 

The appearance of the fracture surfaces of ingots of 
cast steel varies with their hardness or relative pro- 
portion of carbon. The softer kinds are bright and 
finely granular. The harder qualities often show 



411 


METHODS OV PKODUCINO STEEL. 

• 

crystalline plates of a certain size, arranged in parallel 
stripes or columns at right angles to the surface of the 
mould, so that in a square ingot thejcolumns intersect, 
forming a cross. In all cases the ingots are more or less 
unsound, being filled with small vesicular cavities, so that 
they require tb be reheated and ^lammcrcd before they 
can be converted into bars. This is done in the manner 
already described for making shear steel, care being 
taken to efiect the reheating at as low a temperature 
as possible, and to prevent the metal from burning 
by keeping it out of access of the air while in the 
fire. ^ 

Bessemer* 8 Process, This, one of the simplest methods 
of producing cast steel in large quTintities, combines 
the action of the puddling and ordinary steel-melting 
furnace into one operation. The essence of the process 
consists in injecting large quantities of air into a bath 
of molten cast iron through a lai ge number of small 
orifices, in order that the combustion of the carbon and 
other matters in combination may take place rapidly 
and uniformly. By this means a very high tempera- 
ture is developed in the converting vessel, the heat 
being sufficient to melt the decarburised malleable iron, 
instead of producing it in a pasty, weldable condition, 
as is the case in the puddling furnace. This great in- 
crease of temperature is obviously due to the rapidity oi 
combustion, owing to the intimate contact of the air, 
which is in]ettcd at a much higher pressure, from 15 
to 20 lbs. to the square inch, than is used in the 
ordinary operation of iron-melting, with the molten 
metal, instead of the decarburised iron merely taking 
place at the surface of the bath, or wdic^-c the pasty 
metal is in contact w’ith particles of scale, cinder, or 
similar oxidising agents, as is the case in puddling. It 
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Avili be remembered ihat, in tbe latter process, tbc 
lemperature of tbe puddling furnace has to be artifi- 
cially reduced by cdosing the damper, in order to bring 
about the reactions between the diffijrent portions 
of the charge, which only go on very slowly when the 
contents of the hearth arc in a liquid slate. In Besse- 
mer’s process, however, the increase of temperature 
gf)es on progressively from Ihc moment the blowing 
commences until the conclusion of the operation, thvf 
heat produced being developed by combustion goiiif; 
on in the molten mass, in the order in which the com- 
bined foreign substances are removed being similar to 
tluit observed in ])uddling and rclTning. After the 
whole of the carbon has boon oliininatod, tlie heat is 
kept lip, if th() blowing be prolonged by the eonihus- 
tion of the iron, giving a product exactly similar in 
general propc'rtios to the huDit iron which is obtained 
when malleable iron is too often or too highly heated 
ill tlio jn’oeoss of welding. 

Tills process is, therefore, not adapted for the pro- 
duction of soft malleable iron, but, with certain 
modifications, is capable of producing steel of good 
quality, within a considerahle range of ' composition 
and hardness. This may he done in two ways: the 
first is that practised in Sweden, where the blowing is 
interrrupted aft er part ial dcijarhurisation of the charge, 
the proper moment for stopping the operation being dc- 
loriniTied by the appearance of the flame issuing from 
the month of the converting vessel ; or the metal 
may he conqdctely dccarhurised, and then brought 
hack to the composition of steel by the addition ot 
highly- carburised melted pig iron, such ns sjiiegoleisen, 
in siiffieienV. quantity to restore the neec'ssary amount 
(;f carbon. The latter modifi(*otion of the jirocess is 
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due to Mushet, and is now generally preferred to tlie 
older nudliod, as being more certain in result. 

Tbe Tai’ieties of cast iron best adapted for conversion 
into steel by the Ijcssemer process are those smelted 
from liematitc or niagm^tic ores not below No. 2 in 
greyness. Wiite iron can only#be treated with diffi- 
culty and increased waste, partly owing to its imper- 
fect fluidity when melted, which increases the resistance 
otfered to the passage of the blast, but more particulaidy 
on account of its dcfficicncy in carbon and silicon. The 
carbon being in the combined state, the production of 
carbonic oxide tidces place at too early a stage of the 
process, and not T)eing present in sufficient quantity, 
prevents the attainment of the jjroj)^!* temperature in 
the converting vessel. 

The chief essentials in the cliemical composition of 
tbe pig iron ai*e, almost absolute freedom from sulphur, 
phosphorus, and copper, as neither of these ingredients 
is sensibly reduced in amount bj^ the process ; silicon 
and manganese, on the other hiind, may be almost com- 
pletel}^ removed, and their ])resence is beneticial within 
eerfain limits. As long as nuniganeso remains scarcely 
any iron is oxidised, the silica produced from the silicon 
of the metal uniting witli protoxide of manganese to 
form a slag, wliieh is very fluid, but also is very 
destructive to the siliceous linings of the eoiivertiiig 
vessels. 

The best English j)ig iron for use in the Eessoincr 
process is til at smelted from Cumberland hematite, about 
No. 1 or No. 2 in greyness. It should contain from Ij 
to 2 j)cr cent, of silicon as a mininiiim, and not nioi’e than 
0*2 j)er cent, of phosphorus. At Essen, in AVestphalia, 
the limiting quantities of foreign matiers in the pig 
iron preferred for liessemer steel- making are as follows, 
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according to Jordan. TLe metal gendrally used is 
smelted from mixtures of spatliic ore and Nassau 
hematite. 


Manganoso, maximum 

I'OO per cent. 

Sulphur „ 

•04 

Phosphorus * „ 

•06 •„ 

Carbon minimum 

5-00 

Silicon „ 

2-00 „ 


The furnaces, or conrertersy employed in the process 
are of two different kinds. The oldest, or fixed form, 
which is still in use to a certain extent in Sweden, is a 
cylindrical vessel of refractor}’’ brickwork, somewhat 
similar to a foun/lry cupola, but broader and lower in 
proportion. Near the bottom, which is made with a 
slightly forward incline towards the tap hole, is placed 
a series of small twyers, which are arranged at equal 
distances around the entire circumference. The top 
of the vessel is covered by a dome, terminating in a 
conical neck, turned towards a hood placed above it, for 
carrying off the flame and sparks given out during the 
blowing. 

The second, or movable, form of converter, which is 
now almost universally adopted, consists of an egg- or 
pear-shaped vessel suspended upon trunnions, and pro- 
vided with appropriate moving mechanism, whereby it 
may be rotated vertically through an angle of about 
180®. The outer casing or shell is made of wrouglit- 
iron plates riveted together, and, as originally made, 
was not unlike a soda-water bottle in shape, supposing 
the pointed end to be flattened, and the neck turned 
over at an angle of about 30® to the body. In the newer 
forms, however, especially those intended for working 
with large charges, increased capacity is obtained by 
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making tlie btdy and lower part cylindrical, tnus ap- 
proximating in outline to the older fixed converters, 
as in Fig- 45. 

The suspension is effected by mcarts of a stout hoop 
of wrought iron or steel carrying two trunnions, which 
is shrunk on iq the body of the converter at the widest 
part. One of these trunnions, which run in bearings* 



Fig. 4B. — uteel I’onvortPr. 

A. I'l-ansverae section through trnnnione. 

B, Bottom plan. 

0. Section of twyer brick. D. Plan of ditto. 


supported by cast-iron standards, is solid, while the 
other is hollow, forming a passage for the blast, and 
carries a spur pinion. 

The interior lining of the converter must be made of 
the most refractory material obtainable. Fire-brick or 
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clay may bo used; but in Sheffield, and in England 
generally, a nearly pure siliceous sandstone from below 
the coal measures, known as ganister, is found to be 
better adapted for this purpose than any other sub- 
stance. It is prepared by grinding to a fine powder, and 
may bo used alone ov mixed with a ceii^ain proportion 
of powdered fire-brick ; in either case a small quantity 
of water is used, sufficient to make the powder slightly 
coherent, which is then rammed hard between the 
inside of the shell and a wooden cone, which is after- 
wards removed. The old form of vessel is made in 
two parts, which are miited by screw bolts, and can bo 
taken apart for convenience in linfiig. In the cylin- 
drical-bodied foi^n, the lower part is made removable, 
the union being ellected by eye-bolts and cotters. 

Tlic bottom of the converter is in either case flat, 
and contains the twycr box. This is a cylindrical 
chamber, connect c'd by a curved pipe with the hollow 
trunnion. The twyers are cylindrical or slightly tapered 
fire-bricks, each perforated by seven pai-allel holes, 
about half an inch in diameter. Usually from five to 
seven of these bricks are used, which arc arranged ver- 
1 ically and at equal distances apart in the lining of the 
bottom of .the converter. Their lower ends pass through 
a perforated guard plate in the top of the air chamber, 
the vertical position being maintained by stops bearing 
against iLwizoiital arms, which maybe turned on one 
side, when it is necessary to remove or replace the 
bricks, without being obliged to take out the bottom of 
the converter. 

The mechanism for turning the converter about its 
axis is of a simple character, consisting of a direct- 
acting water-pressure engine, whose piston rod carries 
a rack gearing into the pinion on the trunnion. At 
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first tliG cylinder was placed horizontally, but in tlio 
newer form of construction a vertical position is 
generally preferred, as it occupies Ipss ground space. 
The engine is double-acting, the valve being worked 
by hand gear placed at a distance. 

In Bessemef steel work two fjonverters are usually* 
placed opposite to each other with a deep cylin- 
drical casting pit between them. In the centre of 
the pit is fixed another water-pressure engine, with 
a vertical cylinder and solid plunger piston, carrying 
at its upper end a cross ann, formed of twT> parallel 
girders strongly |jraced togethcT, to one end of which 
is attached the ladle, the overhanging weight being 
supported by a counterpoise altaclictl to the opposite 
end. The hullc, which is similar to that used by iron 
founders, but considerably larger, is made of wi’ought 
iron lined with lire-clay, having a small hole in the 
bottom for running out the melted steel into the ingot 
moulds placed below. The hole is closed by an iron 
rod coated with fire-clay. The opposite end of the rod 
passes through a slide bar on the outside of the ladle, 
and may be raised or lowei'cxl by means of a hand lever. 
In oi'der to ti-averse the ladle about the central pillar, 
so as to bring the centre of the hole over each of the 
moulds in succession, the top platform is provided w'ith 
spur gearing, so that it nuiy be moved like a raih\’ay 
turn-table. This motion is worked by a man standing 
on the platform, as is also another for revei'sing the 
ladle on its bearings, in order to remove the vasto 
after the end of the cast. The valve of the central 
engine, which raises and lowers the ladle, is in charge 
of the same man wdio works the tipping; engines for 
the converters. He is usually stationed in a box at one 
side of the converting house, raised a sufficient height 

r 3 
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above the ground to command a clear view of the wliole 
of the apparatus. The power for working the engines 
is obtained from a small steam engine driving the 
necessary force pumps, which deliver their supply into 
two accumulators for equalising the pressure. 

The arrangements 'alluded to in the pTeceding para- 
graph are represented in elevation in Fig. 46. a a are 
the two converters, each capable of holding 3 tons 
of molten pig iron; that on the right-hand side is 
lowered for filling, while the other is upright and in 
the position for blowing, the flame rising from the 
neck being carried into the chimney by the wrought- 
iron hood/, h h are the two hydraulic engines work- 
ing the tipping §car. c is the central crane carrying 
the ladle. The cylinder, which is sunk below the level 
of the bottom of the casting pit, is only partly repre- 
sented. The horizontal racked rod gearing into a 
pinion on the ladle is a slow-motion adjustment for 
bringing the hole through which the steel issues im- 
mediately over the centre of the mould. It is worked 
by a tangent screw from a handle attached to the 
platform carrying the ladle. The traversing motion, 
consisting of a small pinion gearing into a large fixed 
spur wheel on the central pillar is worked by a hand 
wheel, also on the platform, the two handles being 
placed close together, so as to bo within reach of the 
workman superintending the casting, d d are cranes 
employed for removing the ingots from the casting 
pits. They are similar in general construction to that 
last described, being lifted and turned by hydraulic 
pressure, e is the box containing the valve handles of 
the variouBj engines. The central hand wheel governs 
the vertical motion of the casting crane, while the 
outer ones are in connection with the tipping engines 
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of tlio converters. The levers outside work the valves 
of the ingot cranes. 

The method of conducting the process is as follows: — 
The charge of pig iron, which may be of any w^eight 
between IJ and 10 tons — 3 to 5 tons are commonly 
used in this country, and the smaller weights on the 
Continent — is melted in a reverberatory furnace, or 
some times in a cupola placed in an adjoining house. 
The converter, having been previously brought up to 
a red heat by filling it with ignited coke, is reversed 
in 01 ‘der to remove any unconsumed fuel, and after- 
wards turifcd back to a horizontal 7 )osition, to receive 
the charge of molten metal, which is run in through 
a movable gutter^ of wrought iron lined with sand. It 
is then slowly brought back to the veriical position, 
and the blast is turned on. At first the flame issuing 
from the neck is of a yellowish or I’cddish colour, but 
slightly luminous, w’ith only a comparatively small 
amount of sparks. During this period, lasting from 
four to six minutes, the action going on is similar to 
that in the refinery in the first stage of puddling, 
namely, the conversion of graphitic into combined 
carbon, and the oxidation of silicon, with the formation 
of a silicate' of i)rotoxidc of iron and manganese. In 
the second or boiling period, when the oxygen of the 
blast bc'gins to attack the carbon, the action becomes 
very violent, the flume increases in brilliancy, and 
great showers of sparks, fragments of burning iron, 
and finely- divided slag are thrown out, owing to the 
rapid ebullition produced by the evolution of carbonic 
oxide from all of the melted metal. This lasts for 
about six or eight minutes longer, when the sparks 
diminish and the action goes on more quietly without 
the production of sparks. The flame gives the cha- 
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racteristic bluish violet of carbonic oxide, and is in- 
tensely hot — a point marking the last or fining stage. 
When the last trace of carbon is burnt away, the 
flame suddenly drops, and is succeeded by a stream of 
luminous white-hot gas, consisting principally of nitro- 
gen, the heat being kept up frofn this moment, if the 
blowing be continued, entiredy by the combustion of 
the molten decarburised iron. As soon, however, as 
the flame indicates that the whole of the carbon is 
removed, the converter is turned back to tlie horizontal 
position, and the proper quantity, usually about 10 per 
cent., of molten sj^egeleisen, or other similar compound 
of iron, carbon, and manganese, is run in from the air 
furnace in the same manner as thc^ original charge. 
Foimerly the blowing was resmned for a few minutes 
after addition of the spiogcleisen, but this is now 
discontinued, and the contents of the converter are 
emptied into the ladle, which has been brought into 
the proper position by lowering the cciitral pillar of 
the crane. The ingot moulds usually employed arc 
made of cast iron, open at both ends, of an octagonal 
or circular form of base, and somewhat smaller in 
diameter at the toi*) than the bottom. They arc 
arranged in a semicircle on the floor of the casting 
pit. The ladle is raised to a sufficient height to 
clear the top of the moulds, and is tuined so as 
to bring the hole over the centre of each one suc- 
cessively ; the plug is lifted, and the molten steel 
flows out in a stream about an inch thick. Caro 
must be taken to prevent the stream from striking 
against the side of the mould, in which case the ingot 
I’s likely to be unsound. When the mould is filled a 
small quantity of sand is throwm on the surface of the 
metal, which is then covered by a piece of thin sheet 
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iron, and the whole is secured by a cross bar passing 
through two eyes on the top of the mould. 

After the converter is charged, the blast must be 
admitted before It is turned hack to the vertical posi- 
tion, otherwise the molten metal would run down 
through the twyers. ^ A pressure of ftom 5 to 6 lbs. 

* per square inch is required to overcome the hydraulic 
head of the liquid column of metal, and from 9 to 
14 lbs. more to force the air through at the proper 
velocity, or from 15 to 20 lbs. per square inch total 
pressure. 

An arrangement for opening and shutting the valve 
by the rotation of the converter is fehown in Fig. 45. 
The valve, which^s of a double-beat form, has its stem 
prolonged upwards, and carries a weight tending to keep 
it pressed against its seat. The lifting mechanism con- 
sists of a lever worked by an eccentric disc attached 
to the axis of the converter. When the latter is 
lowered for filling, the pressure of the eccentric is 
taken off the lever, and the valve closes ; but when 
the motion takes place in the opposite direction, the cam 
part of the disc lifts the lever, and with it the valve. 
By this arrangement, the opening and shutting of the 
vqlve at the right moment, a point of great importance, 
are made completely independent of the action of the 
man working the converter. The form and method of 
arrangement of the twycr bricks are shown in plan and 
section in Fig. 45, c and d. 

In Sweden and Austria the process is usually con- 
ducted without rcmelting the pig iron, which is tapped 
directly from the blast furnace into the converter. In 
the former country the addition of spiegeleisen was 
formerly dii^ensed with, the blowing being only con- 
tinued for a very short time after the more rapid 
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boJUng^as ceased. The imcertainty of being able to 
stop the process at the right moment has led to the 
more general adoption of total decarburisatio.a, and the 
addition of spiegeleisen in the manner alieady de- 
scribed. 

Various highly-carburised coir pounds of iron and 
manganese have been introduced as substitutes for 
spiegeleisen in the Bessemer process. Among these 
are Prieger’s ferro-manganese, which is made by 
heating mixtures of pyrolusite, charcoal, and finely- 
divided scrap iron in crucibles containing from 30 to 
50 lbs. weight to a white heat. The alloys obtained 
contain from 66 to 80 per cent, of manganese. 
Henderson’s alloy, made in Glasgow*, is of a similar 
character, containing from 15 to 30 per cent, of man- 
ganese. 

In Styria the use of spiegeleisen is entirely dis- 
pensed with, the restoration of the proper amount of 
carbon to the burnt iron being effected by the addition 
in proper quantity of a similar pig iron to that con- 
stituting the original charge. 

It need scarcely be said that the reactions going on 
in the Bessemer converter are substantially similar to 
those observed in puddling and hearth fining. The 
following is the most complete series of analyses, taken 
at different stages of the process, hitherto published. 
It refers to the Austrian Government Works at Neuberg, 
in Styria. The pig iron operated upon is smelted from 
the spathic ores of the Erzberg with charcoal. 
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ANALYSKfcf UK METAL. 

I. 

II. 

III. 

IV. 

\ 

V. 

Carbon, gi*aphitic . 

„ combined . , 
Silicon . 

Phosphorus . 
Sulphur . 

Maiigaiiose 

Copper . 

3-180 

0- 7r>o 

1- 9G0 
0-010 
0-018 
3-;G0 
0-085 

2-4G5 

0-143 

0- 040 
trace 

1- 015 
0-001 

0-049 
0-112 
0-045 
traxjc 
0-429 , 
0-005 

0-087 

0-028 

0-045 

tiaco 

0-113 

0-120 

0-234 

0-033 

0-()44 

tnic,o 

0-130 

0-105 


N 0 . I. Original pig ii'on. 

„ IT. Metal taken at end of first stage. 

„ III. „ „ after the boil. 

„ TV. „ „ end of the blowing. 

„ V. „ restored to steel by addition of pig iron. 


cuMrosmoN of slacjs. 

II. 

ITT. 

3V. 

V. 

SilidH . . . . 

40-78 

51-75 

•10*75 

47-27 

Alumina .... 

4-05 

2-98 

2-80 

. 3-15 

Protoxide of iron 

G 78 

5-50 

10-80 

15-43 

„ maiiguiu-se 

37-00 

37-90 

32-23 

31*89 

Lime 

2-98 

1-70 

1-19 

1-23 

agnosia .... 

1-53 

0-45 

0-52 

0*01 

Potash ) 

Soda / * 


traces throughout 

Sulphur .... 

0-04 

trace 

trac,e 

trace 

l*hosphorus .... 

0-03 

0-02 

0-01 

0-01 


These analyses ai'e numbered to correspond with those of the metal 
taken at the same time. 


It will be seen from the above analyses that the iron 
is not oxidised bj" the blast to any great extent until 
nearly the whole of the manganese and carbon Lave 
been removed. The retention of tho entire quantity 
of phosphorus contained in the original pig iron in 
the finished steel is in accordance with observations 
made in other countries. Various methods have been 
suggested and tried for its removal, but hitherto with- 
out success The problem of making steel from the 
ordinary qilalities of English pig iron still remains to 
be solved. 
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In S^t)den and Austria the finished steel is classified 
by numbers, according to the hardness and percentage 
uf carbon, commencing with the most highly carbu- 
rised. The amount of carbon is determined by Egg(?rtz's 
colorimetric method, described at p. 300. The following 
is the proportim of carbon in Jflcssemcr steel from 
Heft, in Carinthia : — 


No. 

Sjiccifio gravity. 

Carbon. 

Silicon. 

11. 

7-791 

l-8o 

0-02 

III. 

7-828 

1-M 

tl'llCC 

IV. 

7-818 

OSo 

002 

V. 

7-8r>G 

, 0-72 

0*03 

vr. 

7-8G0 

0-7)8 

tl uco 

vrr. 

'•7-872 

0*11 

trace 


In Sweden a similar basis of classification is adoptc‘cl; 
but instead of arbitrary numbers, the qualities are dis- 
tinguished by the actual percentages of carbon. 

At Seraiiig, in lielgium, the following scale is ust.d. 
It applies only to the milder qualities. 


Class. 

Call ion 

IKT eoJit. 

Tciisilo 
stiongtli. 
Kilog. per 
6q. 111.1 11. 

Eloiigjition. 
per oeiit. 

I'rc‘pi‘rtit?s. 

Extra soil 

Soil . . 

Soiui-haril 
Hard . . 

0-25— 0-8o 

0'3o->0'-lo 

0-1 0 — O-fji) 
0-0-3— OGo 

48— oG 

j oG- -GO 
j 69—100 

20 to 2-5 

10 to 20 ^ 
6 to 10 

Welds, l)iii Jo s 
not harden. 
WL'lJs,amlJi:ird- 
ciis iiiipcrl'i’ctly. 
Hardens, 1)111 docs 
not weld. 


Ingots with more tlian 0*65 per cent, are classed as 
extra hard, but they arc not produced in the regular 
system of working. 

The slags of the Bessemer process vary considerably 
in composition from those of the puddling furnace, 
being much more acid and approximate to the pyroxene 
formula 3IlOj,SiOa. At Horde, in Westphalia, a crys- 
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tillised slag has been obtained whfch yi^od by 
analysis — 

Silica r . • . . 44*73 

Protoxide of iron . . . 20*59 

„ manganese . . 82*74 

Lime • t > • • • 

Magnesia 0*17 

99*7G 

Oxygen, ratio of silica : bases = 23*85 : 12*43. 

Specific gravity, 3*08. 

The crystals were found to be of the regular augite 
form, the angles being intermedialSi between those of 
the natural minerals Pajsbergite and Babingtonite, as is 
also their composition. 

The enormously high temperature developed by the 
action of cold air on molten cast iron in the Bessemer 
process is obviously due to the extreme rapidity with 
which the operation takes place, and the advantageous 
form of the converter for concentrating the heat 
developed. For, although the reactions, and con- 
sequently the heat produced, are in no way different 
from those of other finery processes, whether in the 
open fire or reverberatory furnace — carbon, silicon, 
manganese, and some iron being burnt in either case, 
with the productions of carbonic oxide, silicates of pro- 
toxide of iron and manganese, and malleable iron — we 
have, in the blowing of a charge weighing five tons, an 
amount of work done in about twenty minutes that 
would require from two and a half to three days in its 
performance in the puddling furnace. It has been 
pointed out by Jordan that the principal part of the 
heat developed in the process is due to the combustion 
of silicon, which, when oxidised to silicic acid, combines 
with protoxide of iron and other bases, and remains in 
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the balirin tift form of slag; while in the ca.se of 
carbon a considerable portion of the heat is expended 
in volatilising the carbonic oxide produced, which 
escapes at the temperature of the itfclted mefal, and 
bums to waste at the mouth of the converter. If the 
calorific power oJT silicon be assumed to be the same as 
that of carbon, the amount of heat produced by the 
< mbustion of one kilogramme of silicon to silicic acid 
will be 8,000 units* when burnt in pure oxygen, or 
C,382 in air ; the difference between the two quanti- 
ties corresponding to the amount required to heat up 
the inert nitrogen. Under .the latter condition, one 
kilogramme of caAon will produce only 475 effective 
units, being the difference between 2,4J3 units theoreti- 
cally developed, and 1,998 units carried off by the 
gaseous products, carbonic oxide and nitrogen, sup- 
posing them to escape at a temperature of 1,400°. The 
use of steam instead of air as an oxidising agent, is, in 
the case of the combustion of iron or carbon, always 
disadvantageous, on account of tlie great amount of 
heat required to free the oxygen from its combination 
with hydrogen, which is not reproduced to the same 
extent in the subsequent formation of carbonic oxide 
or protoxide of iron. With silicon, however, the con- 
ditions are somewhat different, as there is a small 
sensible gain. This will explain the reason why the 
use of steam in the refinery is only recommended for a 
few minutes at the commencement of the operation — 
that is, as long as free silicon remains in the pig iron 
under treatment. 

* This is in excess of the real aTnonnt, which has recently been 
dotormined to bo 7,000. Jordan’s original figimis nro^however pre- 
Bt^rved, as the quantities are only given as approximations for the 
purpose of illustrating the theory of the process and not as absolute 
numeiical dcionniuatious. 
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By applying the quantities given aboTe to calcu- 
lation of the ainoimt of heat developed in the blowing 
of one ton of Bessemer pig iron of the ordlinoT quality 
produced in the South of France, which is the following 
composition per ton of 1,000 kilog. — 

Carbon . ^ . • . . * 42*00 

Silicon ..... 2()-(>0 

Iron and manganese . . 087*00 

1000*00 


Jordan arrives at the following results : — 

Kilogr. ^ ITnitH oflicat. 

The combustion of. 20 of silicon produces 127,048. 

,, 42*0 of carbon produces 20,176. 

„ 87*5 of iron and mang. produces 60,237. 

Or a total of • . • 214,061. 

If wo fake the specific heat of molten malleable iron 
at 0*1 G, the amount of heat developed will be sufiicieiit 
to raise the temperature of the metal, which is supposed 
to be completely decarburised, about 1,350 degrees above 
that of the cast iron when run into the converter. 

The great heatiiig power of silicon is therefore to be 
r egard cd as the reason for the use of dark grey iron in tlie 
Bessenrver process ; under ordinary circumstances, about 
2 cr 2‘f per cent, silicon being considered as essential. 
Jordan states that in the steel works in the South of 
France the process could only be carried out by running 
the cast iron directly from the blast furnace into the 
lonverter, the amount of silicon being not sufficient to 
allow of remelting of the pigs — an operation which is 
usually attended with a loss of about 1 per cent, of 
silicon. The place of silicon as a heat-jjroducer in the 
Bessemer process may be, to some extent, taken by 
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mangaiapRc, as fs the case in Styria, where the cast iron 
used is smelted from the spathic ores. It is, however, 
less advautan;cous, because the deficiency in silica, w4iicli 
is required to flux the protoxide of mtingancse formed, 
can only be supplied by the destruction of the siliceous 
lining of the coijvertcr. Tlie correj^ive aclion of manga- 
nese on the hearths of blast furnaces where spathic ores 
.*i*c smelled has already been noticed at p. 224. 

Altliough silie.on is an essential component of good 
Bessemer pig iron, it is of imporlance that the amount 
per cent, should be somewhere about the same as, or not 
very much more than, that of tJie carbon. An excess of the 
former ehunciit woAs prejudicially in two ways — first., 
it gives rise to an increased waste of yon in the slag; 
and, secondly, it cannot be comi)letely removed before 
the whole of the carbon is burnt away, so that it may 
happen, in the blowing of such metal, tliat, although the 
process is ajiparently eonspleto as determined by tlie 
usual indication of the cessation of the Hamc from the 
convertor, sufficient silicon is retained in the docar- 
burised metal to render the finished steel brittle and 
useless. Sneliis gives the following analyses in illus- 
tration of this point : — 



1. 

n. 

ITT. 

TV. 

C';irl)OTi . 

. ()Mrr» 

o%:)ir) 

OooO 

0-100 

Silicon . 

. 0 811 

0-270 

0-0 lO 

0 000 

Sul])hur . 

— 

— 

o-(ir>7 

Oo:>3 

i'tiosrlioiliB . 

. — 

— 

0 tKi8 

oo:j() 


. — 

— 


0-.-70 

C'.)p])or . 

— 

— 

0-031 

0-C2o 


Analyses I., II., and III., are examples of nndcr- 
blown and brittle steel, rich in silieon ; IV. is the 
ordinarj" composition of good Bessemer i*ail-stoel made 
at Bowl a is. 

The following series of analyses, by the same ehemist. 
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of metal taken at different stages of the show 

very distinctly the gradual removal of the carbon along 
with the silicon : — 



I. 

n. 

m. 

IV. 

V. 

VI. 

Carbon, graphitic . 

2*070 

— 

— 

— 

— 

— 

„ combined . 

1*200 

2*170 

1*650 

0*097 

0*56G 

0*519 

Silicon . 

1-9.V2 

0*795 

0*635 

6*020 

0*030 

0*030 

Sulphur 

0-014 

trace 

trace 

trace 

trace 

trace 

Phosphorus . 

0*048 

0*051 

0*064 

0*067 

0*055 

0*053 

Mangunose . • 

0*08G 

trace 

trace 

trace 

0*309 

0*309 

Copper . 

— 

— 

— 

— 

0*039 

0*039 

Ratio of carbon to j 
silicon . ! 


2*7 : 1 

2*4 : 1 

CO 

19: 1 

17 ; 1 


I. melted charge of pig ; II. ’metal at en^ of first stage, G minutes 
from start; 111. metal after blowing 9 minutes; IV. over-blown 
metal, 13 minutes (rom start, before adding spiegcleisen ; V. steel 
from ingot ; VI. steel from finished roil. 

It will be noticed on comparing these analyses with 
the similar series from Styria given on p. 414, that the 
observed phenomena arc substantially the same in both 
instances. The difference in the amount of copper, 
which is much larger in the Styrian steel than in that 
from Dowlais, is to be attributed to the fact that the pig 
iron used in the former is entirely smelted from spathic 
ore, while in the latter only the spiegeleiscn is due to 
that source. Copper pyrites, in small quantity, is almost 
invariably present in spathic carbonates, and however 
carefully they may be roasted and weathered, some 
copper, as a general rule, is reduced, and jftisscs into the 
iron in the blast furnace. 

The progress of the conversion of the charge can bo 
controlled to some extent by observing the spectrum 
given by the flame with the spectroscope ; and more 
particularly the moment of complete decarburisation 
may be determined with considerable accuracy, espe- 
cially if the flame be bright and free from smoke. The 
spectrum produced when the combustion is most active 
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is char^JteriseS by groups of numerous lines in the 
yellow and green portions, that of sodium being the 
most prominent and the first to appear among the 
former. There is also a well-define J group of lines in 
the blue field, and under the most favourable conditions 
the violet and, red lines of potassium and lithium, 
together with an extra violet line accompanying the 
former, are seen. For this, however, an instrument of 
great defining power, and an extremely bright flame 
are essential. When the metal is completely decar- 
burised, the yellow and green lines disappear, but the 
sodium is persistent, sometimes even after the tipping 
of the converter. ^ On the addition of the spiegeleisen, 
the whole of the lines reappear with/>great brilliancy. 
When there is much maugenese in the cast iron 
employed, as is the case in Styria, the use of the spectro- 
scope is difficult, owing to the brown smoky character 
of the flame. 

At Scraing, it has been found that the disappearance 
of the dark absorption-bands, which alternate with tho 
bright lines, can be more readily determined than the 
latter, which often reappear after their apparent extinc- 
tion, and is therefore to be preferred as admitting of 
much closer and easier observation. 

The exact chemical character of the spectrum of tho 
Bessemer flame has not as yet been made out, although 
it has been the cause of considerable controversy, there 
being two difierent opinions as to its origin. One of 
these supposes the lines to be due to carbonic oxide 
and their cessation to the complete combustion of the 
carbon, while the other considers that they are mainly 
produced by manganese, and that their sudden dis- 
appearance may be accounted for by the diminution in 
the amount of the metal volatilised until the quantity 
present in the flame is reduced below that necessary to 



432 


METALLUROY OP IRON. 


produce them, it having being found that for detec- 
tion of manganese by the spectroscope much larger 
quantities must be employed than are suf&cient to pro- 
duce the ordinar}^ reaction with soda on platinum foil 
before the blow-pipe. 

Another indication^of the progress of fthe operation, is 
that afforded by the character of the slag. This has 
been employed in Austria and Sweden. An iron rod is 
inserted into tlic converter, and when brought out a 
portion of the slag adheres to the point. So long as 
any carbon remains unconsuined a peculiar brownish 
tint is observed, but as soun as tlie point of total d(*car- 
burisation is ivaehed, the slag asf^limcs a dead black 
colour, with a ptvuliar metallic lustre characteristic of 
the prcseiu'c of ])rotoxide of iron in considerable 
quanti'y. This test is said to be capable of great pre- 
cision in the hands of experienced workmen. 

The largest series of Ilossemcr converters hitherto 
erected are those at Barrow-in-Furness. They are 
arranged in two groups, of which one has four con- 
verters, taking 7^ -ton charges, and the other a similar 
number of a smaller size, holding G tons each. The 
former are feet in greatest diameter, and 14^ feet 
high. In all cases the proportion occupied by the 
melted metal is very small as compared with the entire 
eai)acity of the converter, a large empty space b(a‘ng 
required in ord(T to prevent the ejection of the fluid 
contents wdien the boiling is at the highest point. 

In Shefllcld the loss of weight on the pig iron 
employed is about 15 per cent., in addition to TJ per 
cent, in the reverberatory melting furnace, or 22 J per 
cent, in all. With 3-ton converters the lining has 
to he i*enc\fod after blowing 250 tons; but the 1wyeT*8 
W('ar out much quicker, and must be replaced after 
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making 10 tons, tliat is, after every tliird of -fourth 
operation. 

The number of charges made daily is not more than 
four for each converter, as, although the actual blowing 
does not require more than fifteen or twenty minutes, a 
considerable time is required for tlie accessory operations 
of melting the pig iron, the solidification and removal 
of the castings, and the arrangement of the moulds. 

The ingots, when drawm from the moulds, like those 
obtained from steel melted in crucibles, are always more 
or less unsound, and require to be compacted by 
liammering. F(U’ this pifi*pose, tljgy are raised to a 
bright red heat in a reheating furnace, care being 
taken to keep the hearth filled with smoking flame, 
in order to prevent the carbon from burning away. 
They arc then hammered to a smooth face under a 
steam hammer, and at a second heat swaged dowi, to 
the form of the first groove of the rolling mill, when in- 
tended for bars or rails. The length of the ingot is 
extended from -ii to 8 feet under the hammer. In 
rolling rails two heat'- are required in addition. 
Sjflierical shot are cast a little larger than the size 
required, and afterwards reduced to the proper figure 
and dimensions by a steam hammer with hemispherical 
swages. 

Siemens-ifartm Process. Tlie i)roduction of cast 
steel in the reverbatory furnace, by dissolving mal- 
leable scrap in molten cast iron according to the 
method proposed by Heath, Price, and Nicholson, and 
others has of late been brouglit to a considerable 
degree of perfection by the use of the regenerative 
gas furnacQ, which gives an intense lieat without re- 
quiring an oxidizing or cutting draught, as is the case 
with ordinary stack-draught furnaces. The process 
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ftPot carried out on a working scale by Martin 
of Sireuil, near Paris, who lias given his name jointly 
with that of Siemens to the process. The furnace is 
represented in longitudinal and transverse sections 
in Fig. 46. The regenerators a a and o g are placed 
below the bed intlie usual manner^ the former being em- 
ployed for heating air and the latter for gas. The bed 
A n is made of liiicly-ground quartz sand, consolidated 
by pressure, and strong heating, and is supported on 
cast-iron plates, wliieh arc kept cool by a circulation of 
air. Tlic suiface of the bed is flat, with a slight in- 
clination towards the topliolff, wliich is placed below the 
middle working door, on the front of the furnace. The 
ladle 0 , which has a similar arrangoment for running 
out the steel through a hole in the bottom, to that cm- 
jiloyed on the IJessomer jirocess, is mounted upon 
wheels and travels ujion a railway, the ingot moulds 
being arrangi'din a straight line in the pit below. 

According to the size of the fui’iiace the charge may 
be from cwt. to 5 tons. Tlie mat (‘rials used are good 
])ig-iron, such as that employed for llcssemer steel 
making, wrought iron in the fuui of bars, malleable 
scrap, or l>css('mer steel crop (‘iids and waste, and 
siiiegoleisen. A charge of cwt. may consist of 3 
cwt. of pig iron, 30 cwt. of I>ess(uiier sera]), and 2 cwt. 
of spiegel(ns(m. The pig iron is first melted, and the 
malleable irem or steel is added in small quantities 
at a time, care being taken to raise it to a white heat 
by exposure to the stream of gas on the bridges befoi’e 
immersing it in tlu; bath of molten cast iron. 

The reversal of the gas and air vulv('s takes place 
every twenty minutes. As soon as the entire charge is 
dissolved, a samyile of the metal is taken out in a small 
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wrought-iron ladle, and after casting is cJteied in 
water and broken. 

The heat is coptinued with an oxidizing flame until 
the assay sample, although suddenly cooled, gives a 
perfectly soft and tough metal, indicating the point of 
total decarburisationf When the spiegeleisen is added 
care should bo taken to charge it through the hole 
nearest to the bridge, which, at the time is on the flue 
side of the furnace. When it is melted, which usually 
takes about twent}^ minutes time, the charge is stirred 
in order to mix the contents as uniformly as j^ossible — 
an operation which must be done quickly in order to 
prevent loss of manganese in the slag. The contents 
of the furnace are then run into the ladle and cast into 
ingots in the usual way, the same precautions being ob- 
served as in the Bessemer process. Usually three charges 
are made in 24 hours. The yield per charge of 35 cwt. 
is from 32 to 33 cwt. of ingots, the ordinary loss being 
84 per cent., or in the most favourable case about 6 per 
cent. The furnace must be let down for repairs at 
intervals of six wrecks at the longest. 

This process is of great advantage for the working up 
of the w^aste of Bessemer steel works, which cannot 
safely be added to the charge in the converter, a plan 
which has been tried, but not with success. Puddled 
bars, made specially, cut into proper lengths, and good 
scrap, such as that obtained in the neighbouring tin- 
plate forges, are the principal forms of malleable 
iron used in South Wales. 

Another modification of the Siemens process consists 
in the use of finely-divided iron in the spongy state 
produced by the reduction of a pure red or brown 
hematite by a current of carbonic oxide at a red heat, 
instead of bars or other manufactured forms of malleable 
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iron.-i»'i1iis process has been superseded by the rotatory 
furnace described at p. 328. Finely-divided spongy 
iron produced in upright retorts is consolidated 
by immersion into melted magneflc oxide of iron, 
produced by the partial reduction of hematite, suffi- 
cient lime beiag incorporated ^ith the mass to flux^ 
the silica of the ore. These agglomerated masses 
are then treated in the bath of pig-iron, producing 
steel directly by the oxidizing action of the magnetic 
oxide on the carbon in the melted metal. 

Berard's Process . — This is generally similar to the 
]\[artin process ; the conversion of cast iron into steel 
is effected by subjecting the melted metal alternately 
to a dccarburizing and reearburizing® flame, for which 
purpose it is necessary to employ an air blast. The 
operation is effected in a gas furnace with a double 
generator, the gas produced from coal in the first being 
passed through a column of coke in the second. 
The furnace has a deep bed and highly inclined gas- 
burners, and there is also a provision for blowing air 
through the cliargc from below. Hot blast is used, 
which is lieatcd in cast-iron pijies by the waste flame 
in the flue, which is also utilized for heating up the 
charge and melting spicgclcisen. This process, has 
not as yet been employed to any great extent, and 
has only recently been introduced into this countiy. 

Ilardem)i(j and Tempering SfecL The property of 
becoming hardenc'd by sudden cooling from a high 
temperature is j^ossessed by all varieties of malleable 
iron containing more than 0*25 per cent, of carbon. 
The degree of hardness imparted by the ojieration is 
dependent partly on the amount of carbon jirescnt, and 
partly, but in a greater degree, on the difference of 
temperature between the heated metal and that of the 
fluid emplviyed in hardening, and the rapidity with 
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which the cooling takes place. Those fluids thJ^^assess 
the highest conducting power for heat produce the 
greatest hardening. Thus, mercury is most efficacious 
in this respect, whereas alcohol is entirely without 
action. 

The specific gravity of steel is diminisfhed by harden- 
ing. According to Hausmann, hard unweldable cast 
steel from Solingen was reduced from 7’844 to 7*7G0, 
and a softer welding quality from 7*858 to 7*801, by 
quenching from a red heat in cold watc^r. The change 
of volume is not uniform even for objects of a regular 
form. Caron found, by repeating the operation on the 
same bar for many times in succession, that hammered 
bars contracted in length and increased in the other 
dimensions. With rolled bars and sheets, on the other 
hand, an increase in length was observed. After thirty 
hardenings, the specific gravity was diminished from 
7*817 to 7*743. 

The process of tempering consists in reheating 
hardened steel to a temperature varying with the de- 
gree of hardness required, and cooling it by immersion 
in the same manner. The proper temperature is indi- 
cated by the colour of the thin film of oxide formed on 
the surface of the heated steel, according to the follow- 
ing scale : — 


Temi>erature. 

Colour. 

Pn)per temper for 

220® 

Palft yellow. 

Lancets. 

230 

Straw yellow. 

Razors and surgical instruments. 

243 

Golden yellow. 

Common razors and i)eiiknives. 

255 

Iliown. 

Cold chisels, shears, scissors. 

2G5 

Brown dappled 1 
with purple. ) 

Axes, planes, &c. 

277 

Purple. 

Table knives, large shears. 

288 

Bright blue. 

Swords, coiled springs. 

293 

Full blue. 

Fine saws, augers, &c. 

31G 

Doi'k blue. 

Hand and pit saws. 
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^eheatSng is generally effected in baths of molten 
metals, or metallic alloys having definite fusing points. 
Thus, alloys of tin and lead, in varying proportions, 
may bo used up to a temperature of* about 300° ; above 
which, boiling linseed oil and pure lead are to be 
employed. ^ ^ 

The tenacity of steel is very highly increased by 
tempering with oil instead of water. 


CnAPTEIt XIX. 

ANALYSIS OF CAgT AND WROUGHT IRON AxD STEEL. 

The chief points required to be ^tcmiined in the 
analysis of the different kinds of metallic iron for com- 
mercial purposes are carbon, distinguishing the graphitic 
from that in the combined state, silicon, sulphur, phos- 
phorus, manganese, and copper, while the remaining 
common heavy metals, and those of the alkaline earths, 
are of less importance, as occurring only in minute 
quantities, and i-equiring the use of refined analytical 
methods, which involve too great an expenditure of 
time and materials to bo emploj ed except in special 
inquiries. 

Determination of the Total Amount of Carbon, When 
iron containing carbon in the state of combination is 
dissolved in hydrochloric acid, protochloride of iron is 
formed with the evolution of hydrogen, which in the 
nascent state combines with a portion of the carbon 
set fi*ee, at the same time forming volatile hydi’ocarbons, 
which escape, giving a fetid odour to the gas. If, how- 
ever, instead of hydrochloric acid, a metallic chloride, 
reducible by iron, is used, no evolution of hydrogen takes 
place, and the whole of the carbon goes down in an 
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insoluble form, and maybe collected. Tie una^^bined 
or graphitic carbon is not in any way attacked by the 
acid. The reagent generally used is protochloride of 
copper, CuCl, which was first introduced by Berzelius. 
About 100 grains of the metal in a finely-divided state, 
usually drill chips, borings, or filings, are treated with 
' a moderately strong solution of protochloride of copper 
until the whole is decomposed. Protochloride of iron is 
formed, and metallic copper, which remains undissolved, 
together with the carbon and silicon. The insoluble 
residue is collected on a filter, and washed, first with 
weak hydrochloric acid, thqji with a solution of potash, 
and lastly, with water, leaving only the carbon and 
copper behind, 'vj;hich, when dried, are burnt with 
oxide of copper in a hard glass tube, according to the 
ordinary method adopted in organic analysis. As 
the graiihitc is difficultly combustible, it is best to 
bum it off in a current of free oxygen. Tlie total 
amount of carbon is deduced from the carbonie acid 
produced in the combustion, which is absorbed by caustic 
potash in the usual way. In llichter’s modification of 
the above process a solution of the double chloride 
of copper and sodium, TfaCl + CuCl, is employed 
instead of chloride of copper alone. By properly pro- 
portioning the amount of the double salt employed, 
the separation of metallic copper may be prevented, 
which is retained in solution as subchloride. 

Eegnault’s method of burning the iron directly with 
oxide of copj)er, or chromate of lead, can only be 
adopted when the substance under examination is sus- 
ceptible of being reduced to a fine powder, an operation 
of considerable difficulty with many varieties of iron. 
WeyTs meth&d, which does not require the sample to 
be powdered, consists in effecting the solution of the 
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iroi^^IiSi hydrochloric acid, aided by a weak galvanic 
current. A lump of the iron to he treated is partly im- 
mersed in weak hydrochloric acid in connection with 
the positive pole of a single Bunsen cell, the negative 
pole being formed by a plate of platinum. The dis- 
tance between 0 thc poles must 1 ^ 3 *egulated so that no. 
sesquichloride of iron is formed, a point that may be 
readily determined by the appearance of a yellow tint 
in the liquid. As soon as the immersed portion of the 
iron is dissolved the remainder is removed, washed, 
dried, and carefully weighed : the difference or loss on 
the original weight giveg^ the amount of iron dis- 
solved. The carbon and other insoluble matters are 
collected on an asbestos filter, and tr^ted in a similar 
manner to that already described. 

TJllgren’s method depends upon the oxidation of the 
total amount of carbon to carbonic acid without heat 
by means of chromic acid. The first operation consists 
in treating the finely-divided iron with sulphate of 
copper, producing metallic copper and protosulphaie of 
iron, carbon and other insoluble substances being pre- 
cipitated. The precipitate is washed by decantation, 
and removed into a flask with the smallest possible 
quantity of water. Strong sulphuric acid is then added, 
and after the liquid has cooled, a certain quantity of 
chromic acid, which is decomposed by the carbon, pro- 
ducing carbonic acid, which is collected in a weighed 
tube containing caustic potash in the usual way. 
This method was reputed to give good results, but, 
according to Schnitzler, is not available for the analysis 
of steel, the results indicated being inferior in accuracy 
to that of Berzelius, and in some instances as much as 
30 per cent, too low on the total amount of carbon 
contained. 




Nob. I., TI., IIT. DcjtorTninatioiiR by Wovrs method. Nos. IV., V. 
By Berzelius’s method with chloiido of copper. Nos. VI., VII. By 
Fresenius’s method of determining the combined carbon directly. The 
latter is not ai)plicable to such irons as contain a large amount 
of combined carbon, such as spicigtdeisen, which, when dissolved in 
acid, deposit hydrocaibon oils that are not earned off’ by the hydrogen 
evolved. 

Boussingault uses bichloride of mercury in the 
determination of carbon, for the solution of the 
iron, which is converted into protocliloridc of iron, 
without the decomposition of water, so that no gas is 
given off capable of combining with the carbon as it is 
liberated, and the consequent formation of volatile 
hydrocarbons is avoided. The iron, finely powdered or 
in filings, mixed with fifteen times its weight of bi- 
chloride of mercury and sufficient water to form a thin 
paste, is triturated in an agate mortar for half an hour. 
When thoroughly incorporated, the paste is transferred 
to a hard glass flask, and heated to 80*^ or 100*^ for an 
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hoiyg^.v^en it is thrown on a filter and washed with 
warm water, to remove the soluble protochloride of 
iron. The residue on the filter, consisting of proto- 
chloride of mercury, with carbon and the other insoluble 
matters of the iron, is dried in a water-bath, transferred 
to a platinum boat, and introduced into a tube commu- 
liicating with a generator or gas-holder supplying a 
stream of dry hydrogen. The tube is gradually heated 
to redness, when the protochloride of mercury is vola- 
tilised without decomposition, leaving the carbon in 
the form of a black powder, which is allowed to cool in 
hydrogen, and then weighed. When the boat is slightly 
heated, the carbon ftres in the air and burns like tinder ; 
if, however, graphite is present, it unust be burnt in 
a current of oxygen. The siliceous residue, after the 
combustion of the carbon, is due to the combined 
silicon of the iron, but the quantity obtained does not 
represent the whole amount, because the first action of 
the bichloride of mercury is to produce chloride of 
silicon, which is transformed by water into hydrochloric 
acid and silica, and the latter being part ly in the soluble 
form, passes away with the wash- water, in the filtration. 

Graphite, or un combined carbon, is determined in the 
insoluble residue remaining after solution in hydro- 
chloric acid, which is digested with a strong solution 
of caustic potash to remove the silica produced from the 
oxidation of the silicon. The black residue, after the 
solution of the silica, is repeatedly washed until per- 
fectly free from alkali, dried, weighed, and calcined at 
a strong red heat in a current of air until the whole of 
the carbonaceous matter is burnt off. The weight of 
the small amount of residue is then determined, and 
deducted from that obtained previously . Tlie difference 
gives the quantity of graphite. The combined carbon 
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is obtained by deducting the last result^ fronf*^^?t of 
the total amount of carbon obtained by one of the pre- 
ceding methods. 

Silicon is determined by weighing the insoluble 
residue of the hydrochloric acid solution after it has 
^een ignited to a stroijg red heat in a errrent of air to 
remove the whole of the carbon. This residue is nearly 
all silica, but its purity must be tested by dissolving in 
caustic potash. The insoluble portion, if any, is col- 
lected, and its weight is deducted from that obtained 
at the former weighing. 

Determination of Plmphor. us. A weighed portion of 
the metal is digested in aqua regia evaporated to dry- 
ness, and the residue rcdissolvcd in hydrochloric acid. 
The solution is then treated in precisely the same 
manner as has already been described in the analyses 
of iron ores, the determination being made as pyro- 
phosphate of magnesia. 

SuJphnr maybe estimated in grey pig iron by collecting 
the sulpliuretted hydrogen gas evolved by the action of 
hydrochloric acid, and passing it through a solution of 
acetate of lead. The j)recipitatc, sulphide of lead, is 
collected, washed, and converted into sulphate by digest- 
ing with nitric acid, evaporation to drjmess, and gentle 
ignition. The amount of sulphur is calculated from the 
weight of sulphate of lead so obtained : it contains 10-55 
per cent, of sulphur. The above is not applicable to 
white iron, owing to the difficulty of acting upon it with 
hydrochloric acid ; but aqua regia may he used, and 
the sulphur is then directly converted into sulphuric 
acid, and may be precipitated with chloride of barium, 
and weighed as sulphate of baryta in the usual way. 
Another method of oxidising the sulphur consists in 
fusing the finely-divided metal with nitre and car- 
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Jt soda in a gold crucible ; the fused mass is 
extracted with water, and the sulphuric acid existing 
in the solution as an alkaline sulphate is precipitated 
by chloride of barium as before. 

It is rarely necessary to determine the amount of iron, 
except in the uase of a complete ^analysis, for the pur-^ 
pose of controlling the results. It may be most conve 
niently done by means of one of the two volumetric 
methods described under the head Of Assaying. 

Manganese is determined in the manner as de- 
scribed in the analysis of ores. Arsenic and copper 
are precipitated from the hydrochloric acid solution by 
sulphuretted hydrogen, care being taken to reduce the 
whole of the iron to the state of proto^ihloride. The two 
sulphides may be separated by digestion in sulphide of 
potassium, which dissolves the sulphide of arsenic, 
leaving the sulphide of copper untouched. 

Nickel and cobalt, if present, will be found in the 
solution obtained after the removal of arsenic and 
copper by sulphuretted hydrogen. The iron is first 
converted to a pcrsalt, and is then separated as per- 
oxide by a slight excess of carbonate of baryta ; after 
which nickel and cobalt are precipitated by sulphide of 
ammonium. 

Chromium and vanadium are to be looked for in 
the carbonaceous residue obtained by dissolving a con- 
siderable quantity of the iron in weak acid. The 
ignited residue is fused with nitre at a gentle heat for 
an hour, and when cooled, tlie mass is powdered and 
boiled with water. Vanadate and chromate of potash 
pass into the solution, are converted, by means of chlo- 
ride of barium, into the corresponding Jiaryta salts, 
which are insoluble, and are collected upon a filter. 
The chromate and vanadate of baryta are decomposed 



446 


METALLURCJY OF IRON. 


with sulphuric acid, whereby chromic ancL varftdift-.acid, 
are set free, and remain as such in the filtrate after 
separation from the sulphate of baryta. The filtrate is 
neutralised with ammonia, concentrated by evaporation, 
and a fragment of chloride of ammonium is placed in it. 
In proportion as the ^lolution becomes saturated by the 
latter salt, vanadate of ammonia is deposited as a white 
or yellowish crystalline pow^der, which may be collected 
and subjected to fui*ther treatment by the blowpipe or 
otherwise, in order to verify its properties. The chromic 
acid is precipitated from the solution by means of 
acetate of lead as a yellow^ohromatc of lead. 

Eggertz’s methods of determining small quantities 
of sulphui* and phosphorus may be conveniently used 
lor estimating these substances in pig irons of high 
quality, such as those produced in Sweden, but are not 
applicable to the bulk of the iron produced with mineral 
fuel from the ores of stratified deposits. 

For sulphur, one- tenth of a gramme of finely- 
divided pig iron is placed in a sto2)pered bottle, with 
1 gramme of water and half a gramme of sulphuric 
acid. A clean bright plate of silver is suspended by a 
wire in the upper part of the bottle, and the discolora- 
tion in a given time (about fifteen minutes) is propor- 
tional to the amount of sulphuretted hydrogen evolved. 
As this is very small, the plate, instead of being 
blackened, is tarnished with thin films, presenting the 
same order of colour as those observed in tempering 
steel according to their thickness, varying from straw- 
yellow to bright blue. No absolute measure of quan- 
tity is obtained, the results being determined by com- 
paring tho/3olour on the plate with a standard scries, 
obtained previously by experimenting upon samples 
whose composition has been determined by analysis. 
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Thu^-a ‘ blue colour indicates that the metal will yield 
a sensibly red-short iron when converted into malleable 
iron in the hearth finery; but if the plate is only 
browned, the sulphur is not in sufiicient quantity to 
afiect the quality of the iron. 

In the determination of smajl quantities of phos- ^ 
phorus, 1 gramme or 15 grains of the iron or steel 
to be examined is reduced to a fine powder, and 
treated with strong nitric acid at ’“the heat of boiling 
water. Wlien the metal is dissolved, the solution is 
evaporated to dryness, the residue moistened with 4 
cubic centimetres of aqua rtgia made of equal volumes 
of hydrochloric and nitric acids. After standing for 
about an hour, an equal volume of wiiter is added, and 
the solution filtered. The filtrate and wash-water 
should not exceed 20 cubic centimetres. 

The precipitation of the phosphoric acid is clFected 
by a solution of molybdate of ammonia, containing 
60 milligrammes of molybdic acid per cubic centi- 
metre. It is added to the solution of the iron in the 
proportion of 2 cubic centimetres per milligramme of 
phosphorus supposed to be present, and digested, with 
occasional stirring, at about 40® for three hours. If 
no precipitate is formed, a further addition of molyb- 
date of ammonia is made. The yellow crystalline 
precipitate, which contains 1’63 per cent, of phosphorus, 
is collected in a filter, washed with water acidified 
with nitric acid, and weighed after drying in a water 
bath. If, however, the quantity is very small, the 
determination may be made by measuring the volume 
of the precipitate in a narrow glass tube with a scale 
made especially for the purpose. ^ 

The whole of the necessary materials for deter- 
mining sulphur and phosphorus by these methods is 
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supplied with the apparatus made in SVedei^ foi; t he 
assay of Iron ores by the dry way in the small crucibles 
mentioned previously. 

Eggertz’s melhbd of determining combined carbon 
in iron or steel depends upon the discoloration pro- 
duced by carbon in ^solution of penijtrate of iron, 
which, under ordinary circumstances, is colourless, or at 
most of a slightly greenish tint. The standard series 
of colours is made •hy dissolving quantities weighing 
1 decigramme of steel of known composition in nitric 
acid at a low temperature, and diluting with water to a 
standard volume. The solutions, which give different 
shades of brown, are preserved in glhss tubes. 

A similar weight of the steel to be examined is dis- 
solved in pure nitric acid under the conditions observed 
in making the standard scries. The solution is de- 
canted from the residue, poured into a burette of the 
same diameter as the tubes containing the standard 
series, and diluted with water until it matches one of 
the tints. The amount of carbon is ihen found by 
calculation from Ihc relative volumes of the solutions. 
Steel, with a medium amount of carbon, say 0’8 per 
cent., gives a yellowish- green solution ; a very hard 
variety, with 1*5 per cent., brownish red ; and the softest, 
with 0*40 per cent., only a slight greenish tinge. 

The Swedish classification of Bessemer steel by 
numbers, based upon the percentage of carbon deter- 
mined by the above process, is as follows : — 

No. 1 contains 2 per cent.; No. 1*5, 1*75; No. 2, 
1’5 ; and so on up to No. 4*5, with only 0*25 per cent., 
below which point the scale is not extended. 

The following determinations of carbon in various 
kinds of iron and steel made in Sweden are by 
Eggertz ; — 
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SoftesjJjreJfsh Bessemer iron contains 0*08 

per cent, of carbon. 

Soft steel 

• » 

0-75 


tl 

Best quality of cast stool 


1*4 to 1-6 


II 

Natural forgo stool . 

• « 

0-99 „ 2*44 


II 

Cement stool . 

• ff 

0-6 „ 1%0 

» 

tl 

Cast steel 

• >» 

0*86 „ 1*94 

V 

t» 

Hardest welding cast steel 

• tf 

1-80 


If 

Malleable cast iron .* 

• »> 

0-8ai„ 1-52 

It 

It 

Draw-plate steel 

* »> 

3-30 

It 

tl 


The following modification of this process is adopted 
at Seraing, in Belgium, for the determination of carbon 
in mild Bessemer steel. Two samples, each weighing 
0*2 grammes, of the ingot to^be tested are taken ; one 
being in the state bf filings, and the other of borings. 
These arc treated with 20 cubic centimetres of nitric 
acid, of sj)ecific quartz 1*2 ; the solution being effected 
in a water-bath at 80®. For the test-standard the same 
weight of two different samples, of the hardest steel 
made in the works, whose carbon has been already 
determined, and containing O Gl and 0 03 per cent, 
respectively, are dissolved up in the same manner. The 
whole of the four solutions are then brought down to 
one tint by adding water to the darker ones, care being 
taken to conduct the operation in tubes of exactly the 
same diameter. The amount of carbon can then be 
computed from the volume of the solutions. If the 
difference in the results given by the two samples does 
not exceed 0 03 per cent., the arithmetical mean 
between them is adopted as the true amount ; but 
should it be larger, the operation is repeated. 

In order to obviate the necessity of making standard 
solutions for every set of determinations, different 
coloured legends have been employed with a view of 
obtaining a permanent scale of colours. Among these 
may be mentioned caramel, or burnt sugar, which gives 
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various shades of yellow and brown, Ibut alteasK^very 
quickly; and partially decomposed solution of indigo in 
sulphuric acid, which is said to keep its characteristic 
colour without alteration for a considerable time. An- 
other recommended by Hetman consists of a mixture 
of bichromate of potash and nitrate# of cobalt. In 
most cases, however, the direct system of comparison 
with solutions obtained from steel of known composi- 
tions is to be preferred. 

Silicon. The determination of silicon in iron and steel 
is a matter of some difficulty, as the mere weighing 
of the ignited insoluble Kjsiduc from the hydrochloric 
acid solution and calculation of the silica found, as 
silicon, depends •upon the assumption that the iron is 
free from silicates, which is often contrary to the fact, 
especially in malleable iron, which may contain a 
notable amount of intermingled slag that has not been 
perfectly expelled in the welding, and exists as a 
mechanical inpurity, liaving no relation whatever to 
the real composition of the metal. This defective 
interpretation of the ultimate analyses is probably tlio 
cause of the contradictory statements current as to 
tlic amount of silicon that may be present beneficially 
in malleable iron. Eggertz has introduced a method 
of determining silicon in the presence of slags, which is 
based upon the fact that when iron is slowly acted upon 
by bromine, a solution of iodine, it dissolves, and the 
silicon set free is converted into silica, which is com- 
pletely soluble in a boiling solution of carbonate of 
soda, while that in combination in the slag, if any be 
present, is not acted upon. The same method may bo 
employed yith cast iron, as blast furnace slag, which 
sometimes occurs in it as a mechanical impurity is not 
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senaiJsiy acted upon either by iodine, bromine, or car- 
bonate of soda. 

The process is conducted as follows. Three grammes 
or *45 grains of iron in the state of filings or 
borings, sufficiently small to pass through a sieve with 
meshes tu of ^ ioch indiametor, is treated with five 
times its weight of iodine, in a volume of fifteen cubic 
centimetres of water contained in a beaker of about six 
or seven times that capacity. Water that has been 
boiled to free it from air is used, and the operation 
must be performed at as low a temperature as possible, 
in order to prevent^ oxidatioli of the iron by the air, it 
is usual, therefore, to keep the beaker cool by the use 
of ice. When the iron is completely dissolved, the 
solution is increased to three times the original volume 
by the addition of very cold water in order to prevent 
the separation of basic salts of iron, and is well stirred 
and left to settle. The lighter scales of graphitic 
carbon remain in suspension, and are poured ofl* with 
the bulk of the liquid into a filter 2 inches in diameter, 
with only about one-tenth of the original quantity of 
the insoluble residue which forms a heavy X)Owder at 
the bottom of the beaker. A few drops of hydro- 
chloric acid are added, and the liquid stirred 
with a glass rod: if this produces a disengagement 
of gas the whole of the iron is not dissolved, and a 
little iodine and carbonate of soda is added in 
order to complete the solution. The acidified water 
must be poured quickly on the filter in order to pre- 
vent the decomposition of the slag. When the whole 
of the residue is transferred to the filter it is washed 
with cold water until the whole of the iron is found to 
be completely removed when tested by a solution of 
ferrocj-anide of potassium. The filtrate is evaporated 
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to dryness with the addition of hydrochloric ani? in 
order to recover any small amount of silica that may 
have gone into solution with the iron. The original resi- 
due which may contain graphite, silica, and slag is trans- 
ferred without drying into a large platinum crucible, 
.and after concentrating the wash- waiter to 6 cubic 
centimeters, a saturated solution of carbonate of soda is 
added, and the crucible is heated for one hour in a 
water-batli, the liquid being stirred from time to time 
with a platinum spatula in order to divide any lumps in 
the insoluble residue. The solution is then carefully 
poured from the insoluble Aass in the crucible on to a 
small filter, and a fresh quantity of carbonate of soda 
solution is added and boiled for another hour, when 
the whole contents of the crucible are thrown upon 
the filter and washed. The alkaline solution of silica 
is acidified with hydrochloric acid, added to that 
containing the iron, and evaporated to dryness in a 
water-bath. This operation is repeated with the 
addition of fresh acid until the silica is perfectly freed 
from iron, when it is filtered, dried, ignited, and 
weighed as often as may bo necessary to ensure its 
complete purity, which must be further tested by 
heating it with hydrochloric acid. When 3 grammes 
of iron arc treated, 0*010 grammes of silica correspond 
lo 0.001 gramme of silicon. The insoluble residue from 
the carbonate of soda solution may contain graphite 
slag, oxide of iron, and titanic acid. There is no way 
of distinguishing the amount of oxide of iron present 
as such, in addition to that in combination with silica, 
except by assuming the composition of the slag to be 
constant, wjiich is not the case. 

Eggertz found by the use of this process, that the 
amount of silicon in good bar iron may vary from 0*01 to 
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O’Jft jjer cent. ; but in two samples of Krupp's cast 
steel it was as high as 0*30 per cent. Slag has been 
found usually in mere traces in cast steel, but in one 
instance it amounted to 0*2 per cent. Malleable iron, 
however, contained much more. In wire iron from a 
charcoal hearth 0*33 per cent, was found, in armour- 
plates from 0*75 to 3*00 per cent., and in a rail as much 
as from 4*00 to 5*00 per cent. 

Mechanical Properties and Tests of Malleable Iron and 
Steel. The appearance of the fractured surface of 
malleable iron is partly dependent upon the maimer in 
which the breaking strain -s applied, and partly upon 
the nature and method of manufacture of the sample. 
The most highly crystalline appearance may be obtained 
by sudden fracture ; but when the strain is so applied as 
to overcome the cohesion of the particles gradually, 
the elementary crystals are drawn out to a certain 
extent before yielding ; and the result is a finely- 
granular fibrous surlacc, like that produced by the cross 
section of a bundle of wires not all broken through at 
the same point. 

The crystalline structure of pure melted, or any other 
variety of malleable iron, may be modified by the pro- 
cess of lamination ; the crystals giving way and becoming 
elongated by the action of the rolling mill, fibre being 
developed in the direction of the length of the bar. At 
each successive piling the grain becomes finer and more 
regular, owing to the breaking down and rewelding of 
the fibres in the bars forming the pile. Trcsca has 
properly compared the effect of forge rolling to that of 
the processes of carding and drawing cotton, as far as 
regards the sorting of the fibres into parallelism. The 
specific gravity of malleable iron is diminished by a 
powerful tractive force, such as is excited in wire-drawing 
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or cold rolling, as the transverse action does not^mi- 
nish in proportion to the elongation ; at the same time, 
the metal is hardened, and its tenacity is considerably 
increased. By annealing, the softness and lower ten- 
sile strength may be restored. The following results, 
♦'taken from Kirkaldyfa experiments o» wrought iron 
and steel, show the relation between the specific gravity 
and tensile strength of the same class of wrought iron 
under varying conditions of manufacture and treatment. 
The diminution in specific gravity in bars stretched by 
a severe tensile strain varied from 0*7 to 1*2 per cent. 
By cold rolling the diminution aijiounted to 0*7 per 
cent, for bars, and 0-36 per cent, for plates. 

Mark or Name. Specific Gravity. Teneile Strength. 


Govan puddled bar . • 

. 7*450 

20-9 tons per square inch. 

„ hammered bar 

. 7*764 

28*7 „ 

1* 

„ rolled bar, 1 ^ inch square 7 * 720 

26*6 „ 

>1 

„ ,, reduced to IJ inch 7*729 

25*4 „ 

II 

» tf v ^ » 

7*722 

25-6 „ 

>1 

1) tt }f ^ 7’ 

7-702 

25*9 „ 


II II i> ^ 

7*685 

26*6 „ 

II 

Blochaim best rolled bar . 

. 7*636 

27*1 „ 

i» 

„ „ cold rolled . 

. 7*582 

30-6 to 30-5 

II 

„ „ annealed . 

. — 

25-2 to 27*8 

» 

„ best boiler plate 

. 7*566 

f 20-6 lengthways 
( 19*2 crossways 


„ „ coldroUod 7*539 

( 39-7 lengthways 
i 36*0 crossways 



f 22*7 lengthways 




1 21*7 crossways 


The following table 

contains the relation between 


the specific gravity and tensile strength of Bessemer 
steel of various degrees of carburisation made at Sand- 
viken, in S<<reden : — 
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Pementaf^of 

Specific graTity. 

Tensile strength. 

Carbon. 

Soft. 

Hardened. 

tons per square inch. 

1-6 

7-785 

7-736 

34—39 

1*2 

7-832 

7-771 

37—40 

0-9 

7-874 

7-808 

56—69 

0-6 

. 7-879 

7-807 « 

37—41 

0-4 

7-893 

7-839 1 

30—34 


The absolute strength appears to be greatest when the 
steel contains from 1 to 1| per cent, of carbon. 

According to Kirkaldy^s® experiments, the tensile 
strength of the bestibrands of British bar iron yarics 
from 24 to 27*6 tons per square inch : Jmrs of irregular 
section bear a somewhat smaller strain, or from 20 
27*4 tons. The strength of plates varies from 20*4 
to 24*6 tons lengthways, or in the direction of the 
greatest longitudinal extension produced by rolling, 
and from 18*5 to 22*6 tons crossways. The specific 
gravity varies from 7*531 to 7*760, being greatest in 
Yorkshire iron, which is made almost entirely mider 
the hammer. 

The relation between the composition of malleable 
iron and its tenacity has not yet been completely 
worked out. The elaborate mechanical experiments 
of Eirkaldy have, unfortunately, not been supplemented 
by analyses of the iron tested. Th .' following table, 
containing the limits of elasticity and tensile strength 
of various kinds of malleable iron and steel, is taken 
from a largo scries of determinations made in Sweden 
for the Jenikontor, by Sty fie : — 
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Qnalily of Iron. 

Percci 

Carbon. 

tage of 
PhospboniH 

ModlllUBOf| 

Elusticity , strain 
per stiuare inch. 

Hogbo Bessemer steeV, rolled bar 

WikmanshyltuIIcbatiussteel „ 
Carlsdal Bessemer steel . . . 

„ Uchatius „ . 

Hogbo Bessemer „ . . . 

„ „ hammered 

Krupp’s cast steel „ 

IJogbii Bessemer iron • 

Low Moor rolled tire bar . . 

Lesjofeirs rolled bar made in ) 
the Lancashire hearth . | 

2*1G 

1*86 

1*22 

119 

116 

114 

0-68 

C*#*2 

0 88 
0*21 

0-06 

— • 

0-018 

0-020 

00G8 

0022 

29*8tons 
26-7 „ 
33-8 „ 
31-4 „ 
33-2 „ 
39-6 „ 
31-8 „ 

23- 7 „ 

24- 1 „ 

16-7 „ 

14-0 „ 

40*2 tins 
46-2 „ 
GG-9 „ 
G4-8 „ 
64-7 „ 
590 „ 
46-8 „ 
39-5 „ 
33-0 „ 
27-3 „ 

22-6 „ 


The tensile strength alone is no/, a sufficient measure 
of the quality of malleable iron, as a metal of great 
strength may be deficient in softness, and incapable of 
being forged. This is tested by hammering the sample 
both hot and cold, when it should bend without fractui*e 
to a certain amount, the angle varying with the tem- 
perature and thickness of the metal. The resistance of 
rails to percussive strain is tested in the following 
manner : — The rail under trial is placed horizontally, 
and keyed fast in the jaws of a pair of chairs about 
feet apart, attached to a heavy anvil. A heavy 
weight is then allowed to fall from a considerable 
height, so as to strike the top flange midway between 
the points of support. At Sheffield, steel rails are sub- 
jected to the action of a pile ram or monkey weighing 
20 cwt., which is allowed to fall from a height of from 
20 to 30 feet. The quality of the welding may be best 
rendered apparent by etching a polished surface with 
acid. 

The following are the tests prescribed by the 
Admiralty for plate iron intended for use in the navy, 
and may be taken as indicating the average strength ol 
iron of fair quality : — 
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^0^ PLATE IKON, FIHST CLASS, OK B.B. 

SECOND CLASS, OK K. 

Leng!hwMj’'8. 

CiWHwayB. 

LnRtlm}^s. 

Cross WJly^. 

Tmtsile strength^ per B(]uaro inch, 22 tons 

18 tons 

20 tons 

17 tons 

Forge teet^ hot. All i)lnte8 of 1 





inch in thickness and bo- 





low must be capable of 

1- 125" 

.OO" 

90‘’ 

60^ 

bending hot without frac- 





turo through tfn angle of 

' 

1 



Forge teat. cold. Plates should | 




admit of bending cold with 

- 




out foiclure as follows : — 





1 ill. in thickness to an anglo of 16 

• 5 

10 

— 

4 )) 

25 

10 

20 

5 

2 )> » 

35 

15 

30 

10 

i »» 

70 

30 

55 

20 

inch and undf;r 

no 

1 40 

75 

30 

s 






Plates sJioulcl be tested, both hot a»d cold, on a cast- 
iron slab having a fair surface, with an edge at right 
angles, the corner being rounded off with a radius of 
half an inch. 

The portion of plate tested to be 4 feet in length 
across the grain, and the full width of the plate wdth 
the grain. The bend should be made at from 3 to 6 
inches from the edge. 

All plates to be free from lamination and injurious 
surface defects. 

The tests to be applied to one plate of each lot of 
fifty of the same thickness. 




SUITLEMENTARY NOTES. 

Cleveland Blast Fuanaces. 

^ Tlic following table reoci^^ly published by Gjeratshows the progres- 
BivG increase in size in the Cleveland Blast Furnaces, giving their 
dimensions and capacity in the order of their respective dates : — 


Dute. 

« 

Nauit; of rirm. 

Furnaces. Height. 

Width of 
boshes. 

Capacity. 



No. 

Feet. 

Feet. 

Cubic feet. 

JR'il 

Piolekow and Vu,ufi;haii; 

3 

42 

15 

4,5(50 


Ikll lii olhci'R. 

r> 

47 i- 

1(5^ 

0,174 


Polckow Sind VanK-luin. 

(5 

54 

15 

7,1(50 


(jilkes, AVilson, and Co. 

2 


14} 

6,100 

lHu4 

(Jochrane and tJo. 

4 

55 

10 

7,175 


It. Sanmelson and Co. 

3 

50 

14 

5,050 


Bolckow and Vau.-ihan. 

3 

54 

15 

7,110 

Uiikos, WilHon, luid Co. 

2 

55 

14i- 

6,800 

liSc 

Hiockton ruiTiace Co. 

3 

6(» 

10 

0,5541 


Norton Iron Co, 

3 

50 

15 

(5,(N)0 

1858 

Tiioinas VunR-han. 

6 

5(» 

10 

7,000 

>1 

Hopkins, Gilkes, and Co. 

2 

5« 

16 

7,200 

8,000 

JonoH, 1 )nuuinp:, and Co. 
lioickow and Vatifflian. 

2 

58 

17 


1 

(51 

10} 

7,9(50 

18(51 

Gilkes, AViltton, and Co, 

1 

55 

10 

7,700 


William Wliitwell and Co. 

3 

(50 

20 

12,778 

1K(12 

Bolckow and Vaughan. 

2 

75 

16} 

11,985 

1^ 

13. 8amuelson and Co. 

4 

G9 

20 

15,500 


Uoyd and Co. 

4 

(57 

20 

15,000 


Thomas Vanghan. 

(5 

81 

19 

10,000 

,, 

St.ovenson, Jacques, and Co. 

8 

70 

22 

17,000 

18(55 

Gilkes, AVilson, and C^o. 

2 

75 

21 

17,700 


Hell HroiherB. 

2 

80 

20} 

15,600 


Holckow and Vanglam. 

2 

95| 

10 

15,050 

18(iG 

Bulekow and Vaugh.m. 

1 

76 

20 

12,972 


Hopkins, Gilkes, luid Co. 

2 

76 

24 

2(),0(X) 

,, 

Swan, Coates, and Co. 

2 

75 

I 20 

10,090 

16G7 

I3cll Brothers. 

2 

80 

1 17 

11,500 

Noi-tiin Iron Co. 

2 

85 

1 25 

20,000 

,, 

(V)ehrune and Co. 

2 

70 

1 23 

20,024 

18(58 

Gilkes, Wilson, iuid Co. 

1 

75 

i 

22, WH) 

,, 

Stevenson, Jacques, iuid Co. 

1 

70 

1 ^ 

18. (XK) 


B. 8amuel8on and Co. 

I 

(iO 

21}- 

Sil} , 

1(5, (KX) 


Lloyd and Co. 

2 

80 

18,(K)0 


Jones, Dunning, and Co. 
Bolekow, Vaughan, and Co. 

3 

73 

18 

12,(K)0 


2 

95^ 

96^ 

22 

25,940 


Boickow, Vaughan, and Co. 
Thomas Vaughan. 

1 

23 

28,800 

1809 

3 

85 

25 

2(5,000 

1870 

Bell Brothei-s. 

4 

80 

25 

25,000 


Rtookton Fuinaeo Co. 

2 

80 

24 

24,013 


iSwan, Coates, and Co. 

1 

75 

2."! 

22,229 


Cochi'ane and Co. 

2 

fK) 

30 

41,149 

»» 

Gilkes, Wilson, and Co. 

B. Bairuoison and Co. 

2 

2 

85 

85 

27 

28 

32,000 

30, (XX) 

is’ri 

Boickow, Vaugliiui, and Co. 

2 

95) 

24 

28,950 


Ijackcnby Iron Co. 

2 


25} 

26,(570 

>1 

Gjers, Mills, and Co. 

2 

85 

25 

26,000 
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Note to page 92. 

Po^r the following? analysis of “ purple ore,” I am indohted to Mr. 
J. A. Phillips, the managing director of the Widnes Metal Company. 
It is obtained from the residues of cupriferous iron pyrites, which have 
been treated for sulphur in the manufacture of sulphuric acid, calcined 
with an addition of salt, and lixiviated with water, in order to save 
the copper, which is removed as a soluble chloride, and is precipitated 
as cement copper by running the solutioS into vats, containing scr^ 
iron. The residue of these operations is nearly pure peroxide of iron 
in the form of a heavy purplish-red powder, having the following 
composition : — • 


rcroxidc of iron .... 

. . OR-nn 

Le.'id {as sulphate) 

. . 0 75 

Copper 

. . 020 

Hulphnr . . • • 

. . 

Phosphoi’u.s . . . , 

. None. 

Lime 

. 0.40 

8oda 

. . 0*10 

Cobjilt, arsenic, and oltlorine 

. . Trac(?«. 

InsoluTde residue 

. 211 

Metallic Iron .... 

. 07 CM) 


The results arc (jompulcd in the dry stfite, but, as ordinarily sold, 
the oro contains about 15 per cent, of water. It is principally used for 
fettling puddling furnaces, but is also smelted to some extent, being 
added to the charge in the blast furnace in the proportion of 25 per 
cent, of the amount of solid ore. 

Composition of the Gases of the Bersemeu Converter. 

The nature of the gases evolved during the blowing of a charge of 
Bessemer steol has recently been investig[ited by Mr. G. J. Snclus, who 
has given the following tabular statement of the composition of the 
gas at different periods of a blow lasting eighteen minuttjs. 



I. 

II. 

ni. 

TV. 

V. 

VI 

Time from starting 

2 min. 

4 min. 

0 min. 

10 min. 

12 min. 

14 min. 

Carbonic acid 

10-71 

8*57 

8-20 

3-58 

2-30 

I'M 

Carbonic oxide 

none. 

305 

4-52 

19-50 

29-30 

31-11 

Oxygen 

0-92 

— 


_ 

— 

— 

Hydrogen 

j as-37 

0-88 

200 

2-00 

2-16 

2-00 

Niti'Ogen 

80-58 

85-28 

74-83 

66-24 

65-55 


lOO’OO 

100-00 

100-00 

100-00 

lOp'OO 

100-CD 


On examining these results it is found that the oxygen correspond- 
ing to the nitrogen in Analysis I. is sufficient to oxidize not only the 



METAIJA RCiY OF IRON. 


4G0 

4*43 parts by weight of carbon that are contained ill tne g«3, oui^aiao 
11*91 parts of silicon, and this is actually the proportion in wliie' * 
these two substances are eliminated from the iron, as proved by 
analysis of samples of metal taken at this stage. Analysis IT I. shows 
that 6*27 parts of carBon are burnt along with 11*74 of silicon. 
Analysis IV. of gas taken after the commencomeni of the boil, shows 
a different result ; the large proportion of carbonic oxide accounts for 
%' increased luminosity of li^e flame, and the rem#\'nl of carbon pro- 
ceeds in the ratio of 9 6 parts of 6*25 of silicon. Ko. V. was specially 
tf'stod for hydrocarbons, but none wore found. No. VI. gives the 
jn’oportion of 13*45 of carbpn oxidized to 0*46 of silicon, thus confirm- 
ing what has already boon made out by analyses of the metal, that the 
last traces of silicon are oxidized very slowly. 

SneluB considers that the production of carbonic acid during the first 
part of the blow, and carbonic oxide at a later stage, is due to the 
increase of temperature during the blow, an^ that the result agrees 
with those of the experiments of J. L. Bell, who found tliat at a low 
temperature carbonic ayid, in conbict with iron, was more shible than 
carbonic oxide ; but that at a high temperature, the reverse was the 
case. 11 0 also considers that the continuous spectrum produced by the 
flame at th(? commencement of the blow is to be accounted for by the 
fact that at this p(‘riod there is no true flame, but only a stream of 
gases containing whih^ hot solid matter in suspension, while at the 
same time the temperature is not siilli(;ienlly high to give the spectrum 
of carbonic acid. Later on in the blow, when there is an abundance of 
carbonic oxide burning at the mouth of the converter, the temperature 
is cxtnjmely high, and consequently a carbon spectrum is i)roduced 
which is distinct from other carbon spc(;tra yet seen, because the 
spectrum of carbonic oxide has not yet boon observed at the particular 
l()mpcrtiture of the Bessemer flame. The heating power of the gas in 
the latter part of the blow is fully equal to that of the blast furnace, 
or Siemens’ producuu*, and Snelus computes that in works blowing 
1,000 tons of pig iron per week, an amount of heat is wasted, which 
supposing it could he utilised, would correspond to a saving of 25 tons 
of coke per week. 



[NDEX 


Aluminons fluxes, analyses of, 1.38. 

American Wooniary process, 2G7. 

Ammonia, production otj-^n blast 
furnaces, 252. 

Analyses of bluckbnnd ores, 80. 

Analyses of carboniferous brown 
hematites, 71. 

Analyses of cast iron, 257, 258. 

Analyses of clay iron ores, 84. 

Analyses of Cleveland ores, 87. 

Analyses of ii-on ores, method of, 
93. 

Analyses of magnetic ores, 61, 62. 

Analyses of spatliic ores, 82. 

A ntliracite furnaces of South Wales, 
232. 

Anthracite furnaces of the United 
States, 235. 

Antimony and iron, alloys of, 51, 

Annour plates, methods of manu- 
facture of, 364. 

Arsenic and iron, compounds of, 34. 

Bar iron, details of manufacture, 
o50. 

BtaTow-in-Fumess, Bessemer con- 
verters at, 432. 

Barrow-in-Fumess, charges of fur- 
naces at, 234. 

Barrow hematite ores, analyses of, 
69. 

Btiars of blast furnaces, 215. 

Belgium, d<"tiiil8 of puddling fur- 
naces in, 314. 

Belgium, dressing of iron orc.< in, 

114. 


Belgium, yield of blast furnaces in, 
t 235. 

Bcjrard’s process, 437. 

Bergamaslv finery process, 292. 

Berthier’s riothod of assaying iron 
ore, 94. 

Bessemer’s process, 411. 

BcssemcFs process, Jordan on heat 
developed in, 426. 

Bessemer steed, composition and 
classification of, 421. 

Blackband ironstones, analyses of, 

86 . 

Blackband, mel}n>d of roasting, 123. 

Bljike’s reck br(*al<or, 120. 

Blast furnaces, temperature of, 
251. 

Blast, methods of detennining vo- 
lume, 190. 

Blast regulators, 174. 

Blowing engine, construction and 
details of, 166. 

Blowing in blast furnaces, methods 
of, 213. 

Blowing out blast furnaces, 215. 

Bog and lake ores, analyses ot 7r. 

Boiling process of puddling, 298. 

Boussingfiult’s mctliod of deter- 
mining carbon, 442. 

Brendon Hills, spathic ores of, 82. 

Brescian steel process, 386. 

Brown hematites, analyses of, 71, 
76. • 

Bull-dog, 39. 

Calder hot blast stove, 176. 
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Capacity and production of blast 
furnaces, 216. 

Carbon and iron, compounds of, 40. 

Carbon, dotenninatioii of, in iron, 
43.9. 

Carbonate of protoxide of iron, 21. 

Carinthian forge steed prot‘nB8, 385. 

Carinthian gas puddling furnace, 

Caron on carbon in iron, 42. 

Case-hardening, methods of, 401. 

Cast iron, analyses of, 257, 258. 

Cast iron, commercial classilication 
of, 254. 

Cast iron, composition of, 47. 

Cast iron, difference between grey 
and white, 41. 

Cast steel, production of, 403. 

Catalan forge process, 261. 

Cementation, production of steel 
by, 45. 

Charp^ng barrows, use of, 203 

Chemical changes in puddling, 310, 
392. 

Chlorine and iron, compounds of, 
37. 

Chromium, alloy of, with iron, 51. 

(day ironstone, analyses of, 84. 

Clay ironstone, roasting in clamps, 
122 . 

Cleveland, details of blast furnaces 
in, 232. 

Cleveland, iron ores of, 86. 

(Ueveland ironstone, analyses of, 87. 

( ^tal measures, clay iron ores of, 82. 

Cobalt, alloy of, with iron, 51. 

Cupper, action of, on iron, 49. 

Cowper’s method of cleansing gases 
from dust, 254. 

Cowper’s stove, 182. 

Cup and corns, 200. 

Panks’s rotatory puddling furnace, 
321. 

Descent of charges in blast fur- 
naces, time of, 217. 

Desulphurising ores by steam, 134. 

Dry assay of iron ore, 94. 

Dust of gas ilu^s, composition of, 
253. 

Mastwood’s mechanical puddler, 31 8. 


Eggertz*s method of analysing iron, 
436. 

Eisenerz, crusher at, 119. 

Eisenerz, spathic ores of, 82. 

Elba, specular iron of, 71, 230. 

Electrotype iron, Jacobi’s process, 
14. 

Ellerhausen’s process, 819. 

•< 

P'erric acid, 27. 

Fettling, mattsrials used for, 303. 

Forest of Doan, brown iron ores of, 
70. 

Forge, small cinder, use of, 138. 

Form of blast furnaces, 203. 

Foundation of forge hammers, 333. 

Franche Comt6 finery process, 292, 
295. 

Frankliftite, 27, 54. 

Frcniy on nitrogen in steel, 46. 

Gas-collccting apparatus for blast 
furnaces, 199. 

Gas-heated stoves, 182. 

(xas producer, Siemens’, 254. 

Gas i)uddliT>g furnace, 300, 

Gases of blast furnace, composition 
of, 253. 

Gases of Bessemer converter, Sne- 
1ns on, 459. 

Gcllivara, magnetic iron ores of, 61. 

Gjers’s calcining kiln, 127. 

Gjers’s pneumatic lift, 166. 

Gjers on Cleveland blast furnaces, 
*458. 

Gold and iron, alloy of, 61. 

Graphitic, and combined carbon in 
iron, 41. 

Graphitic carbon, determination of, 
432. 

Grunor on Heaton’s process, 281. 

Gurlt’s method of making wrought 
iron, 266. 

Hardening and tempering steel, 434 

Harz, weathering of ores in, 116. 

TTaswell’s hydraulic hammer, 342. 

Hearth of blast furnace, construc- 
tion of, 158. 

Heat, consumption of, in blast fur- 
nace operations, 240. 

Heaton’s process, 279. 
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B varieties of, %22. 
to, brown, 66. 
te, red, 64. 

Hematite, red, in Lancashire and 
Cumberland, 67, 234. 

Henderson’s process, 282. 

Hollow fire, South Wab^s, 295. 
Horseshoe pipe stove, 176. 

Hot blast, determiniftion of tem- 
perature of, 251. 

Hot blast stoves or ovens, 176, 196. 
Hot blast twyers, details of, 197. 

I lydratcs of oxides of iron, 20. 
Hydrates of peroxide of iron, 24. 

Ilmenite, or titanic iron ore, 55. 
Indian methods of making wrought 
iron, 267. 

Iron, physical and chemical pro- 
perties of, 1 3, 453. 

Iron pyrites, 36. 

Karsten’s table of compounds of 
iron and carbon, 41. 

Kilns, roasting, for iron ores, 125. 
Kirkless Hall, blast furnace at, 234. 

Lake Superior blast furnaces, 
charges and yields of, 226. 
Lancashire, furnaces smelting 
hematite, 234. 

Lancashire hearth, used in Sweden, 
292, 295. 

Lang’s treatment of cinders, 141. 
Ijangen’s gas aj)jHir!itus, 202. 

Lenz on electrotype iron, 15. 

Lever hammers, varieties of, 382. 
Lifts for blast furnaces, construc- 
tion of, 164. 

Lignite, puddling with, in Styria, 
315. 

Limestones, analyses of, 137. 

Low Moor, puddling process at, 313. 
Lundin’sgas furnace, 374. 

Magnetic iron ores, analyses of, 61, 
62. 

Magnetic oxide of iron, 26, 63. 
Magnetic pyrites, 36. 

Magnetism of iron, 16. 
Magnoferrite, 23, 27. 

Malleable cast iron, 392. 


Margiiorit-e’s method of wet essay, 

101 . 

Martial rogulus, 61. 

Martite, 23. 

Mechanical properties of iron and 
stool, 453. 

Mechanical puddling, methods of, 
317. 

Melting points of metals, 192. _ 

Meteoric iron, nickel in, 51. 

Minary and Soudry’s treatment of 
cinders, 141. 

Mixture and descent of charges in 
blast furnaces, 209. 

Miisen, spathic ores of, 82. 

Mushet’s cast steel process, 409. 

9 Nassau, red iron ores of, 72. 

Natural or forge steel processes, 382. 

Nitrogen and iron, 28. 

Obuchow’s cast steel process, 381 

Open-topped furnaces, methods of 
collecting gas from, 199. 

Oxides of iron, 19. 

Parry’s method of puddling, 320. 

Pany's method of rcjfining, 278. 

Passivity^ of iron, 17. 

Peat, puddling with, in Styria, 315. 

Penny’s method of wet assay, 101. 

Phosphate of iron vivianib^, 32. 

Phosphides of iron, Percy and 
Freese on, 30. 

Phosphorus, action of, on iron, 33. 

Phosphorus in iron, detemiinatiou 
of, 444. 

Phosphorus in iron ores, 33. 

Phosphorus, removal of, in pud- 
dling, 311. 

Piles for merchant iron, d(;tails of, 
357. 

Pisolitic ores dressed by jigging, 
114. 

Pistol pipe stove, 178. 

Plate and sheet iron, manufiactui'e 
of, 351. 

Platinum and steel alloys 52. 

Plattucr’s fluxes iron assaying, 
97. 

Pneumatic lift, 166. 

Position of hot blast stoves, 196. 
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PouiDet’s pyrometric method, 193. 
Pressure Mu^j^es, 189. 

Price and Nicholson’s oast stool 
process, 382. 

Protosulphide of iron, 35, 
Protoxine of i' on, 19. 

Puddled iron, qualities of, 309. 
Puddling furnace, construction of, 
J?98. ^ 

Puddling, methods of, 304. 

Pure iron, Matthiesen’s method of 
producing, 14. 

Purple ore, analyses of, 459* 
Pyrometers for hot blast, 192. 
Pyrometric alloys, molting points 
of, 192. 

Rachette’s blast furnace, 208. 

Rail rolling mill, 348. 

Rails, details of manufacture, 360. 
Ramsbottom’s duplex hvnmor, 339. 
Red iron ores, analyses of, G8. 
Refinery, details of, 272. 

Reheating furnace, details of, 355. 
Rolling mills, details of, 343. 

Rouge, methods of production of, 22. 
Round and oval ovtns, 178. 

Scale oxide, 20, 

Schafhautl’s powder used in pud- 
dling, 312. 

Scotland, hlackband iron ores of, 85. 
Scotland, working details of blast 
furnace in, 233. 

Secondary formations, brown iron 
ores of, 75. 

Secondary ores of England, Judd 
on, 88. 

Sections of blast furnaces, 218. 
Shears, cropping, varieties of, 353. 
Sherman’s process, 284. 

Siderite, 57. 

Siogen blast furnaces, charges and 
yields of, 222. 

Siegen forge steel process, 386. 
Siegen, kilns used in, 129. 

Siemens’ cast steel furnace, 408. 
Siemens’ gas producer and furnaces, 
369. 

Siemens’ pyrometers, 194. 

Siemens’ mmace, Krans on the, 376. 
Siemens’ rotatory furnace, 328. 


j Siomens-Manin process, 431. 

Silesian gas refinery, 277. ^ 

Silicate of protoxide of iron, 39. 

Silicates, fusibility of, 143. 

Silicon, elimination of, in Bessemer 
process, 429. 

Silicon, Eggertz’s method of deter- 
mining, 450. 

Silicon and irtn, compounds of, 38. 

Silver and iron, 51. 

Slags, blast furnace, composition of, 
144. 

Slags, blast furnace, physical cha- 
racter of, 147. 

Slags of blast furnace, method of 
removing, 160. 

Slags of puddling funaces, compo- 
sition of, 309, 311, 394. 

Slags of4be Bessemer process, com- 
position of, 425. 

Slide blowing engines, 168. 

Sneliis on graphite and silicon in 
cjist iron, 48. 

Snelus on Heaton’s process, 282. 

Siicdiis on the Bessemer process, 429. 

South Staffordshire blast furnaces, 
charg(5s and yields of, 229. 

South Slaffordshins, consumption of 
iron ores in, 228. 

South Wales, calcining kilns used 
in, 126. 

South Wales, charges and yields of 
blast furnaces in, 231. 

South Wales, finery process, .293. 

Spathic iron ore, analyses of, 82. 

Specific gravities of iron ami steel, 
425, 438. 

Spectroscope, use of, in Bessemer 
process, 430. 

Specular iron ore, volcanic, 22. 

Spec.ularschistof J <akc Superior, 220, 

Siieiss, or arsenides of iron, 34. 

Spencer’s rotatory puddling fur- 
nace, 327. 

Spiegeleisen, views on its composi- 
tion, 42. 

Spiegeleisen, production of, in 
Siegen, 222. 

Spiegeleisen, production of, at 
Newark, N. J., 237. 

Spiral stove, 179. 

Squeezers, varieties of, 341. 
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Stnclfs, blast lurnaco, constrnotion 

tfceani hammers, varieties of, 3.35. 

Steel, methods of producing, 379. 

Steel puddling, metliod of, 387. 

Stolberg, dressing of iron ores at, 
113. 

Stoppnero of blast furnaces, 215. 

Strr gth of cast iron aitd steel, 453. 

Slyiju, Spathic iron ores of, 82. 

Styrian blast furnaces, charges and 
yields of, 220. 

St.jTian forgo steel process, 383. 

Styrian kiln for pyritic ores, 132. 

Sulphate of protoxide of iron, 37. 

Sulphur, action of, on cast iron, 45. 

Sulphur and iron, com])oundH of, 35. 

Sulphur, determination of, in iron 
ores, 444. • 

Surface of heating stoves, 189. 

Swedish blast furnaces, charges and 
yields of, 224. 

Swedish tinorj" process, 295. 

Swedish gas kiln, 130. 

Swedish mcithod of assay, 98. 

Swedish method of charging blast 
furnaces, 212. 

Swedish method of collecting gases, 
199. 

Tapping operation of blast fur- 
naces, 213. 

'Tests for wrought iron, 456. 

I’homas and Laurent’s stove, 181. 

Tilt hammer, Swedish, for crushing, 
119. 

Tin and iron, alloys of, 50. 


Tltaniferons iron sands, 72. 
Titanium, action of, on iron, 53. 
Traversclla, magnetic ores of, 63. 
Tungsten, action of, on iron and 
steel, 62. o 

Twyers, arrangement of, 196. 

TJehatins* cast steel process, 381. 
Univeml rolling mill, 349. 

Unlined crucibles, assay in, 97. 

Valves for blast engines, forms of, 
1C7. • 

Vanadium and iron, 52. 

Walloon finery process, 295. 
WasHcralfin gen stove, 180. 

Waste gases of blast furnaces, com- 
position of, 249. 

Waste heat of mill furnaces, utili- 
sation of, iW(». 

Water balance lift, 165. 

Water twycr, 198. 

Water tymp, 1 59. 

Wcardahi, spathic ores of, 82. 
WeisbaclTs formula for calculating 
hot blast, 190. 

Westjhalia, roasting p3rTitic ores 
in, 123. 

WhitwelTs stove, 184. 

Wootz, method of making, 382. 

Yields of puddled iron, 312. 

Zinc, action of, on iron, 49. 

Zinc oxide deposited in blast fur- 
naces, 253 
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MR. TENNANT, Geologist, 

149, STEAND, LONDON, W.C. 

' Expecffl shortly to have reatly for sale a choice and extensive collection of RECENT 
SHELLS, MINERALS, ROCKS, uiid FOSSILS, in a large and well-made Cabinet of 
108 Drawers, with Glass Bookcase on tlie top. Tlie Calvjiet was the property of the 
late Ml'S. Mawe, and contains her private collection of Recent Shells and Minerals. 
Amongst tlie latter are some Crystals of Gold, figured in Mawe’s Travels in Brazil, 
and supiHised to be unique. The IkKikcase contains many of the recent works on 
Geology by Buckland, Lyell, Mantell, Murcliisou, Phillips, and others, and twenty-six 
volumes of the publications of the Palscontographica^Society, Ac. ^ 

’’Tr. Tennant, having re(!ently received many choice Specimens, has been able to 
eni .< h sevenil C'ollections previoiinlj’ advertised for sale. They can be had at all 
pri(•e^, varying from Five 'nioiisand Pounds io Two Guineas, and are suitable for the 
Nobleman’s gallery, the Amateur’s study, and for tlie forking Student in lieology. 

A CATAT.OGUE of 2,000 of tlie moat common FOSSILS found in the British Isles, 
being a list of those in the laivutc collection ot J. Tennant, F.G.S. Price 2s. 

All the RECENT WOHKS relating to Mineralogy, Geology, Concholo^jy and Che- 
mistry ; also Geological Maps, M(ul»‘ls, Diagninis, Hammers, Blowpipes, Magnifying- 
Glasses, Blalina Spoons, Kle< rnimeter Hint I'Sagiietic Needle, (llass-top Boxes, Micro- 
scopic Objects, Forceps, Acid rtttlcs, Ac., can be supplied to the Student in these 
bmiichea of Science. 


^ 

fiZ.EBIICirTABY' aBOLOOICAZ. COZ.I.ECTZON8 at 2, 5, 10. 20. 

60, to loo Guineas eacli, and every reqms>ilt‘ to assist those commencing the study of 
this interesting branch of Science, a knowledge of which affords so much pleasure to 
the traveller in all parts of the world. 


100 Small Speciinons, in Cabinet with Three Trays £2 2 0 

200 Specimens, larger, in Cabinet with Five Trays a 5 0 

SlWt Specimens, larger, in Cabinet with Eight Drawers 10 10 0 

400 Specimens, larger, in Cabiuet with Twelve Drawers 21 0 0 


In the more expensive collections some of the specimens are rare, and all more 
select. 


A COIiZiECTION' FOB FIVS OUINBAS, to illustrate the recent works 
on Geology by Ansted, Buckland, Lyell. Mantell, Miirchisnn, Page, Phillips, and others, 
contains 200 Specinicns, in a plain Mulnguny Cubiuut, with five trays, containing 
the following specimens, viz. 

MinebalS which are eillier the coniimnents of Rocks, or occtisionally imbedded in 
them — Quartz, Agate, Chalcedony, Jasper, Garnet. Zeolite, Hornblende, Augite, 
Asbestos, Felspar, Mica, I'alc, I ourinaliue. Spinel, Zircon. Coruridnm, Lapis Lazuli, 
Calcife, Fluor, Selenite, Baryta, Stroiitia, Salt, .Sulphur, Plumbago, Bitumen, &o. 

Native Metals, or Metai.lifekoUS Minekals: tliese are found in masses nr 
beds, in veins, and occuMonally in the beds ot rivei-s. Speciinena of the following 
Metallic Ores are put in the (’abinet : — Iron, Manganese, Lead, Tin, Zinc, Copper, 
Antinionj', Silver, Gold, Platiiia, Mercury, Titanium, &c. 

Rocks: Granite, Gnei.'.s, Mica-slate, Clay-slate, Porphyry, Serpentine, Sandstones, 
Limestones, Basalt, Lavas, Ac. 

Pal.eozoic Fusisils from the Cambrian, Silurian, Devonian, Carboniferous, and 
Permian liocks. 

SECONoAuy Fossils from the It luetic, Lias, Oolite, Wealden, and Cretaceous Groups. 

Teetiaby Fossils from the Plastic Clay, London Clay, Crag, Ac. 


JAMES TENNANT, ^ 

MINERALOGIST (BY APPOINTMENT) TO HER MAJESTY 

148, 8TBAND, ImONJ>OV, W.Cc 



SYLLABTTS of PBIVATE LESSONS in MlftEBALOGtY, 

WITH A VIEW TO FACILITATE THE sfUDY OF GFOLOOY AND OF THE 
APPLICATION OF MINERAL SUBSTANCES W THE%ytlTS, 

BY J. TENNANT, F.G.S., 

Professor of Mineralogy at King’s College, London, Mineralogist to Her Maje8ty7^*-> 

149, BTBAITD, LiOVDOlT, W.C. 

Terms— Seven Shillings a Lesson, which occupies one hour. 

The most conveuieiit time to Mr. 'i ennunt is between 8 and II a.m., or after 4 p.m. 

Physical Charactkks.— Crystallization, Cleavage, Fracture, Fiungibilify, Hard- 
ness, Lustre, Colour, Flexibility, Double Kefraetion, ToUlh, Taste, Odour, Stieak, 
Powder, Adhesion to the Tongue, Magnetic and Electric Properties, Phosphoiesceuce, 
Specific Gravity. 

CUKMICAL Characters.— Use of the Blowpipe, Action of Acids, &c. 

The principal simple Minerals arc next septiiately considered, and the readiest mode 
of distinguishing them is deseflibed. 'Hn* following is the order adopted : — 

A. Earf/ii/ Minertilx.—Hiu'k Crystal, Amethyst, Cairngorm, Aventurine, Cat’s-eye, 
Opal, Chaleedonv, Flint, Onyx, Agate, CaniVliaii, Heliotrope, Jasper, llomstone, 
(’licit, (larncts, IdocrnHC, Axinife, Kpidote, Aiigile, Hornblende, ABbe^to8, Treiuolite, 
Actinulite, Felspars, Zeolites, Mica, Talc, (Jliiurite, Calcite, Fluor, Selenite, Barytes, 
StrontiH, Salt, Cryolite, &c. 

B. Coiiihustib.e Ayth<;ro/.s‘.— Siilpbiir, I|^tiimcn, Coal, Jet, Amber, &c. 

C. Mine* ills uited in Jcivelry. — Diamond, colMuryl varieties of Corundum — Sap- 
phire, Ruby, Topiiz— called Oriental stones ; Spinel, I urquoise. Topaz, Emerald, Beryl, 
Hyscintli, Tuiiriiiulinc, La| is Lazuli, &c. 

D. The MvidHifei vu(t Mimrala will be fully described in the Practical Course. 

The Course of Instruction includes a minute description of all the sulistances entei- 

ing iiitii the c<»nipositioii of Rocks, and of those minerals which are also used in tlie 
Alts, illustrated by an extensive collection of characteristic specimens and diagrams 
of the principal crystalline forms, Ac. 

GEOLOGY AND MINING. 

Descriptive Geology.— C lassification of Ktaks into Aqueous, Volcanic, Plutonic, 
and Mctamorpliic. 

Afirurai ('am posit ion of Strata . — Aienuceous, Argillaceous, Calcareous. — Chrono- 
logical Clussifii^ation of Sedimentary Rocks, with descriptions of the principal fossils 
belonging to eiicli great deposit. 

Tektiaky or Cainozotc Series.— Cave-deposits, Crag, Isle of Wight, and Bag- 
sliot series, l.ondon Clay, W<»olwich Beds. 

Secondary or Mhsozoic Series. — Cretaceous, Wealden, Oolitic (Upper, Middle, 
and Lower), TriHs^ic Oronpa. 

Primary or Palar zoic Series. — Permian, Carboniferous, Devonian, Silurian, 
Cambrian Groups. 

The mode of Collecting, Cleaning, and Arranging Fossils, Minerals, uud Ruck- 
specimens will be described. 

Practical Geology in its application to Mining, Engineering, Architecture, a; d 
Agriculture. 

The lessons delivered on the subject of Geology are intended to have especial 
reference to tlie iiiiportant practical upplicutions of that science to Engineering, 
Mining, Architecture, and Agriculture. The Granites, Syenites, Porphyries, Green- 
stones, Clays, &c., will be described, and the minerals peculiar to each noticed. 

The application of Geology to pursuits connected with Mining opermions for Coals, 
Iron, Copper, Tin, Silver, Gold, Meicury, Antimony, Zinc, Cobalt, &c., will be spe- 
cially considered. The student is directed how to proceed in exainir/iig a i ow 
country', to collect and record liis ohseivatioiis, and mark his siH-cimens, in older to 
render them useful to mure experienced geologists at home. 

Mr. Tennant ixissesses a well-arranged collection of Minerals and Rocks, and speci- 
mens of Building-stone. 

In order more fully to exemplify the applications of the Science, Mr. Tennant 
accompanies his Class to various Miiseuins in London, including the Museum of Prai - 
tical Geology nnn the Briiisli Museum ; also on excursions into Uie country, in which 
the actual field-work of the Geologist is explained and^illustrated. 

There is an Examination at the close of the Course, by which the pr< gi-ess of the 
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THE PRIZE MEDAL 

Was awarded to the Publishers for | 

Books : Budimentary, Scientific, 

"WEALE’S SERIES,” ETC. 

,A NEW LIST, OF 

WEALE’S SERIES * 

RUDIMENTARY SCIENTIFICfEDUCATIONAL, 
AND CLASSICAL, 

Comprising nearly Tki'ee Hundred and Fifty distinct works in almost every <ie> 
partmeni of Science, 'ATt^^ancTh^ucatiuti^Tecommended to the notice of Rngtnee^ 
Architects, Builders, Artisans, and Students generally, as well as to those interestec 
in iT'brhmen's Libraries, Literary and Scientiyic Institutions, Colleges, Schoo 


cs*c, 

IS* “ WEALE’S SERIES includes Text-Books oif almost every branch of 
Science and Industry, comprising such subjects as Agriculture, Architecture 
and Building, Civil Engineering, Fine Arts, Mechanics and Mechanical 
Engineering, Physical and Chemical Science, and many miscellaneous 
Treatises. The whole are constantly undergoing revision, and new editions, 
brought up to the latest discoveries in scientific research, are constantly 
issued. The prices at which they are sold are as low as their excellence is 
assured.” — American Literary Gazette. 

** Amongst the literature of technical education, Weale’s Series has ever 
enjoyed a high reputation, and the additions being made by Messrs. Crosby 
Lockwood & Co. render the series even more complete, and bring the infor- 
mation upon the several subjects down to the present time.” — Mining 
Journal. 

“It is impossible to do otherwise than bear testimony to the value of 
Weale’s Series.”— 

“Everybody — even that outrageous nuisance ‘Every Schoolboy’ — knows 
the merits of ' Weale’s Rudimentary Series.’ Any persons wishing to 
acquire knowledge cannot do better than look through Weale’s Series and 
get all the books they require. The Scries is indeed an inexhaustible mine 
of literary wealth.” — The Metropolitan. 

“ WEALE’S SERIES has become a standard as well as an unrivalled 
collection of treatises in all branches of art and science.” — Public Opinion. 
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*** The volumes of this Series arc freely lllustratea 
Woodcuts, or otherwise, where requisite. Throughout the fol- 
lowing List it must he understood that the books arc bound in 
limp c:lt)th, unli‘ss otherwise stated ; duif the volumes marked 
•ivitli a t ~iuay also be had s/rott^/y bound in cloth boards for f>d, 
e.\ tra. 

N.li. — In ''ordering from this List it is recommended^ as a 
means of fncilifatinq business and obrn'atinj^ error, to quote the 
numbers affixed to the volumes, as 7eeU as the titles and prices. 


ARCHITECTURE, BUILDING, ETC. 

10. ARCHITECTURE— ORDERS— Orders and their -Esthetic 

Principles. Hy AV. II. I.kkds. Illustrated, is. 6d. 

17. ARCHITECTURE— STVLES—T\\g: History and Description of 

the Styles of Architecture of Various Countries, from the E.arliest to the 
Present Period. Ily T. Taijiot J»uky, F.R.I. 15 .A., &c. Illustrated. 2S. 
OuiJiiKS AND Stylks OK Ajjchitecturk, in One. Vol., 3r. bd. 

18. ARCHJTECTURE—DESIGN—TiiC^VnviCifiQ?. of Design in 

Architecture, as deducible from Nature and exemplified in the Works of the 
Grc'i'k and Gothic. .Architects. P.y E. L. Gariuctt, Ar(lnt(*ct. Illustrated. 2s. 
The three precedine; Jl’orks, in One handsome. Vol., half bound, entitled 
“Modkkn Aiu:HrrE(:TUkK,’*/r/C£.» Or. 

22. THE ART OF BUILDING, Rudiments of. General Principle.s 

of Con.struction, Materials usetl in Jbiilding, Strength and Use of Materials, 
Working Drawings, .Specifications, and Pistimates. IJy JC. Dobson, 2s4 

23. BRICKS A AD TILES, Rudimentaiy Treatise on the Mannfac- 

turt! of; containing an Outline* of the Principles of lirickmaking. Ily Tiinv. 
L)ouson,M.K.I.] 5 .A. With Additions, hy C.l ommnson, F.R.S. Illustrated, 3s. t 
25. MASONRY AND STONECUTIING, Rudimentary Treatise 

on; in which the Principles of Masonic Proiectinn and their application to 
the Construction of Curved AVing-AValls, Doim's, Oblique liridges, and 
Roman and Gothic Vaulting, are. concisnsly explained, liy Kdwaku Dobson, 
M.R.l.lLA., &c. Illustrated with I'latcs and Diagrams. 2s. 6d.t 

44. FOUNDATIONS AND CONCRETE a Rudimentary 

Treatise on ; containing a Synojjsis of the princip.al cases of Foundation 
AVorks, with the usual Modes of Treatment, ;ind Practical Remarks on 
Footings, Planking, Sand, Concrete, J’.uton, Pile-driving, Caisson.s, and 
Cofferdams, liy E. Dobson, M.R.I.H. A., i 5 cc. Fourth Edition, revised by 
GKouciK Doon, C.E. Illustrated, is. 6d. 

42. COTTAGE BUILDING, By C. Bruce Allen, Architect. 

Ninth Edition, revised and enl.arged. Numerous Illustration.s. is. Cd. 

45. LIMES, CEMENTS, MORTARS, CONCRETES, MASTICS, 

PLAS’L’FKING, &c. Ey G. K. IIurnej.l, C.E. Eleventh Edition, is. 6J. 

57. WARMING AND VENTILATION, a Rudimentary Treatise 

on ; being a concise Exposition of the General Principles of the Art of AVarm- 
ing and Ventilating Dome.stic and I’ublic Huilding.';, Minc.s, Lighthouses, 
Ship.s, &. C . Jly Ciiari.es 'J’omunson, F.R.S., &c. Illustrated. 3s. 

83**. CONSTRUCTION OF DOOR LOCKS. Compiled from the 
Papers of A. C. Houns, Esq., of New York, and Edited by Charles Tom- 
LI^S0N, F.R.S. ']'»> which is added, a Description of P’enlw’s Pate nt I.ocks, 
and a Note upon Iron Safe» by Robert Mallet, M.l.C.E. Ulus. 2s. Cd. 

III. ARCHES, piers, BU 7 DRESSES, dr^c.: Experimental Essays 

on the PrinciiiU-s of Construction in; made, with a view' to their being useiul 
to the Practical Euildcr. By William Bland. Illustrated, is. Cd. 


The i indicates that these vtds. may be had sfrouii^ly bound at vd. extra. 
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Architecture, Building, «etc., continued, 
u6. TUEmAdOilSTICS OF PUBLIC BUILDINGS; or, The 

Principles of the Science of Sound applied to the purposes of the Arcliitect and 
. liuildor. By T. Roger Smith, M.R.I.B.A., Architect. Illustrated, js. 

124. CONSTRUCTION OF ROOFS^ Treali.se on the, as regards 

Carpentry and Joinery. Deduced from the Works of Robison, Price, and 
Tredooli}. Illustrated, is. 6d. 

127. ARCHITEVTURAL modelling* in paper, the Art of. 

By T. A. Richardson, Architect. Illustrated, is. 6d. 

128. VITRUVIUS— THE ARCHITECTURE OF MARCUS 

VITRUVIUS^ ROLLO. In 'I'en Books. Translated from the Latin by 
Jo.sEPH GwiL-f, F.S.A.. F.R.A.S. Wifc 23 Plates. 5s. ^ 

130. GRECIAN ARCHITECTURE^ An Inquiry into the Principles 

of Beauty in ; with an Historical View of the Rise and Progress of the Art in 
Greece. By the £aki. of AniuiDhEX. is. 

The two precedius IVorks in One handsome Vo^, half bounds entitled “Ancient 
Architectuki price 6j. 

16, 17, 18, 128, and 130, in One IW., entitled “ Ancik.nt and Modern Architbc- 
TimK,” ha// bound, 12s. 

132. DWELLING-HOUSES, a Rudimentary Treatise on the Erection 
of. lllu.stratcd bj' a Per.spective View, Plans, Elevation.^, and Sections of a 
pair of Scmi-dctachcd Villas, ^^(ith the Specification, (,)uuntitics, and Itsti- 
mates, and every rf#nisitc detail, in sequence, for their Construction and 
Finishing. By S. H. Brooks, Architect. New Edition, with Plates. 2s. 6d.t 

156. QUANTITIES A AD MEASUREMENTS, How to Calculate and 

Take them in Bricklayers’, Ma.sons^ Plasterers^ Plumbers’, Painters’, Paper- 
hangers’, Gilders’, Smiths’, Ciirptm tors’, and Joiners’ Work. liy A. C. 
Beaton, Architect and Surveyor. New and Enlarged Edition. Ulus. is. 6d. 

175. LOCKWOOD ^ C0:s BUILDER'S AND CONIRACTOR'S 

PRICE BOOK, for 1880, containing the latest Prices of all kinds of Builders’ 
]\falorials and l.aljour, and of all 'J r.ados connected with J^uilding : I.ists of 
tli(‘ Members of the ^letropolit.un Board of Works, of Districts, District 
OfTicer.s, and Di.strict Surveyors, rmd the Metropolitan Bye-laws. Edited by 
Francis T. W. Miu.kr, Architect and Surveyor. 3s. 6d. ; half bound, 4s. 

182. CARPENI'RY AND JOINER Ei.k .mentakv Prin- 

ClPi.KS OK Caki'kntky. Chiefly composed from the Standard Work ot 
Thomas TRiiDOOi.i), C.E. With Additions from the V'orks of the most 
Recent Authorities, and a 'IKKATISE ON JOINERY by E. Wyndham 
Tarn, M.A. Numerous lllustralion.s. 3s. Od. j 

182*. CARPENTRY AND JOINERY. ATLAS of 35 Plates to 

ac<-oinpan3' the foregoing book. With Descriptive Letterpress, .^to. 6s.; 
cloth boards, 7s. Od. 

187. HHVTS TO YOUNG ARCITTTECTS. By Gkorge Wight- 

wick. New, Revised, and cnhirged Julition. By G. Huskisson Guillaume, 
Architect. "With numerous Woodcuts. 3s. Gd.t 

188. HOUSE PAINTING, GRAINING, MARBLING, AND SIGN 

WR IT/NG : A Practical Manii.-il of, containing full information on the 
Proi e.sses of House- Painting, llu* Formation ot I.etter.s and I’ractice of 
Sign- Writing, the I’rinriples of Decor.'itivo Art, a Course of Elementary 
I^rawlng for House-Painters, Writers, &c., &c. With o Coloured Plates of 
Woods and Marbles, :md nearly 150 Wood Engravings, liy Ellis A. 
Davidson. Second Edition, carefully revised. 5s. cloth limp; 6s. cloth 
boards, 

189. THE RUDIMENTS OF PRACTICAL BRICKLAYING. 

In Six Sections : General Principle.^; Arch Drawing, Cutting, and Setting; 
Pointing; Paving, Tiling, M.aterials ; Slating and Plastering; l^actical 
Gcoinetr}', Mensuration, &c. B3' Adam Ham.mond. Illustrated, is. 6J. 

191. PLUMBING, A Text-Book to the Practice of yie Art or Craft of 

the Plumber. With Chapters upon House Drainage, embod3'ing the latest 
Iiiiproveinents. Second Edition, enhirgcd. Containing 300 Illustrations. 
By W. P. liucHAN, Sanitary Engineer. 3s. Od.t {Just published. 

The % indicates that these vols. may be had stroni^ly bound at 6//. extra, 

7, stahoners* hall court, ludgate hill, e.c. 
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Architecture, Building, etc., continued. 

192. THE TIMBER IMPORTER'S, TIMBER MERCHANT'S, 

and BUILDER’S STANDARD GUIDE ; comprisfig coprous and valu- 
able Memoranda for the Retailer and Builder. By RicilAKO £. Git ^DY. 
Second Edition, Revised, ^s.f 

20$. THE ART OF LETTER PAINTING MADE EASY. By 

J. G. Badbnocii. Illustrated with 12 lull-page Engravings of Examples, is. 

\Just published, 

206. A BOOK ON BUILDING, Civil and Ecclesiastical, including 

Church Restoration. With the Theory of Domes and tlie Great Pyramid, 
and Dimensions of many Churches and other Great Buildings. By Sir 
Edmund Beckett, Bart., LL.D., Q.C., F.R.A.S., Chancellor and Vicar- 
General of York. Second ^dition, enlarged, 4s. \.J^st published. 

CIVIL ENGINEERING, ETC. 

13. CIVIL ENGINEERING, the Rudiments of. By Henry 

Law, C.E., and George K. Burnell, C.E. New Edition, much enlarged 
and tliorouglilv revised bj D. Kinnkak Cj.ark, C.K. . [Near/jii'eadv. 

29. THE DRAINAGE OF DISTRICI'S AND LANDS. ‘ By G. 

Drysoale Dempsey, C.E. [Aierv ICdition in preparation. 

30. THE DRAINAGE OF TOWNS AND BUJLDINGS. By 

G. Drysdale Dempsey, C.E. New Edition. Illustrated, as. 6d. 

31. WELL-DJGGJNG,BORING^ AND PUMP- WORK. JW John 

George Swindell, A. R.I.B. A. New Edition, 1 n’ G. R. Burnell, C.E. is.6d. 

35. THE BLASTING AND QUARRIHNG OF STONE, for 

Building and other Purposes. With Remarks on the Blowing up of Bridges. 
By Gen. Sir John B ‘RGOYNk, B.-irt., K.C.Ji. Illustrated, is. 6d. 

62. RAILWAY CONSTRUCTION, Elementary and Practical In- 
structions on the .Science of. By Sir ^ 1 . Stephenson, C.E. New Edition, 
1 )V Edward Nugent, C.E. With St.Tlistic.s of the Cnpit.il, Dividends, and 
Working of Railways in the United King<lom. By E. D. ChattawAY. 4$. 

So*. EMBANKING LANDS FROM THE SEA, the Practice of. 

Treated as a Means ot l*rofit;ible Emplo^’meiit for C.apital. With Examples 
and Particulars of actual Embankments, and also Practical Remarks on the 
Repair of old .Sea Walls. By John Wigglns, F.G.S. .New Edition. 2s. 
81. WATER WORKS, for the' Supply of Cities and Towns. With 
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SUBTERRANEOUS SURVEYING, an Elementary and Prac- 
tical Treatise on. By Thomas Fenwick. Also the Method of Conducting 
Subterraneous Sun-cys without the Use of the Magni'tic Needle, and other 
Modern Improvements. By Thomas Baker, C.E. Illustrated. 2s. 6d.t 
1 18. CIVIL ENGINEERING IN NORTH AMERICA, a Sketch 

of. By David .Stevenson, F. 1 \..S.E., &r. Pl.ates and I )iagrams. 3s. 

ROADS AND STREETS {THE CONSTRUCTION OF), 
in two Parts: I. The Art ue Constructing Common Roads, by Henry 
Law, C.E., revised and condensed by D. Kinnf.ar Clark, C.E. ; II. Recent 
Practice, including payements of iStone, AVood, and Asphaltc, by 1 ). K. 
Clark, M.I.C.K. 4s. 6d.i 

SANITAR Y WORK IN THE SMALLER TO WNS AND IN 

VIITjAGES. Comprising: — i. Some of the more Common Forms of 
Nuisance and their Remedies; 2. I^rain.Tgc ; 3. Water Supply. A useful 
book for Members of Local ifoards and Rural Sanitary Authorities, Health 
Officers, Engineers, Sutv'eyrirs, &<:. By Charles .Slagg, A.I.C.E. 2s. Od.t 

THE CONSTRUCTION OF GAS- TP OR AS, and the Manu- 
facture and Distribution of Coal Gas. Origin.-illy written by Samuel 
Hughes, C.E, Sixth Edition, re-written and much Enlarged by William 
Richards, C.E. AVith 72 Illustrations. 4s. Cd.t {Jnst published. 

PIONEER ENGINEERING. A Treatise on the Engineering 
Operations Connected with the .Scjttlcmcmt of AVnstc Lands in New Coun- 
tries. By Edward Donso.v, Assoc. Inst. C.K., Author of “The Art of 

{Just published. 
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Building,” &c. 4s. 6d.t 
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MEGHANICAl^ ENGINEERING, ETC. 

33. CRA^ESk, Construction of, and other Machinery for Raising; 

Heavy Jtodics for the Erection of Huildings, and for Hoisting Goods, liy 
^ Jo.siiPH Glynn, F.R.S., 8cc. Illustrated, is. 6d. 

34. THE STEAM ENGINE^ a Rudimentary Treatise on. By Dr. 

Lardnek. Illustrated, xs. 6d. 

59. S'TEAM BOILERS: their Construction and Management. By 

R. Armstrong, C.E. Illustrated, zs. 6d. « 

67. CLOCKSy WATCHESy AND BELLS, a Rudimentary Treatise 
on. lly SirEoMUND Rkckktt (late Edmund Bf-ckett Denison), LL.D., Q.C. 
A New, ReA’isteJ, .and considerably Enlarged Edition (the 6th), with very 
numerous Illustrations. 4s. 6d. cloth limp ; 5s. 6d. cloth boards, gilt. 

82. 2 HE BOVVER OF WATER, m applied to drive a>ur J^ills, 

and to give motion to 'furbincs and other Hydrostatic Engines. By Joseph 
Glynn, E.R.S., &c. New Edition. Illustrated. 2s. t 
98. PRACTICAL MECHANISM, the Elements of; and Machine 
Toiils. ByT. Bakf.r, C.E. With Remarks on Tools and Machinery, by 
J. Na.smytii, C.E. Plates. 2s. 6d.t 

1 14. MACHINERY, Elementary Principles of, in its Construction and 

Working. Illustrated by numerous Examples of Modern Machinery for 
different Branch(rs of Manufacture. By C.D. Ahi;l, C.E. is. 6d. 

139. THE STEAM ENGINE, a Treatise on the Mathematical Theory 
of, with Rules at l(*n;>th, and ]*!ganiples for the Use of Practical Men. By 
T. Baker, C.E. llkistrated. is. 6d. 

162. THE BRASS FOUNDER'S MANUAL; Instructions for 
Modelling, Pattern-Making, Moulding, Turning, Filing, Burnishing, 
Bronzing, &c. With cojiious Receipts, numerals Table.?, and Notes on Prime 
Costs and Estimates. *By Walter Gkaii\m. Illustrated. 2s.t 

164. MODERN WORKSHOP PRACTICE, as applied to Marine, 

Land, and Locomotive Engines, Floating Docks, Dredging Macliin«‘.«!, 
Bridges, Cranes, Ship-building, 8cc., &c. By J. G. Winton. Illustrated. 3s. t 

165. IRON AND HEAT, exhibiting the Principles concerned iri the 

Con.struction of Iron Beams, Pillars, and Bridge Girders, and the Action of 
Heat in the .‘'inciting Furnace. By J. Akmoi'K, C.E. 2s. Od ♦ 

166. PO WER IN MOTION: Horse- Power, Toothed- Wheel Gearing, 

T-iOng and Short Driving Bands, and Angular Forces. By James Armour, 
C.E. With 73 Di.Tgranis. 2s. od.$ 

167. THE APPLICA TION OF IRON TO THE CONSTR UCTION 

OK BRIDGK.S, (iIKDER.S, ROOFS, AND OTHl-R WOBKS. ]iy 
Francis Camtin, C.E. .Second Edition, revised and corrected. 2s. 6d.t 

1 71. THE WORKMAN'S MANUAL OF ENGINEERING 
DRAWING. By John Maxton, Engineer, Instructor in Engineering 
Drawing, Roy.Tl Naval College, Greenwich. Third Edition. Illustrated 
with 7 PI.Ttes and nearlv .ito Woodcuts. 3s. Od.i 

190. STEAM AND THE S 7 EAM ENGINE, Stationary and 

Portable, Being an extension of Mr. .](*bn Sewell’s “ Treatise on Steam.” 
By D. K. Clark, M.I.C.E. Second Edition, revised. 3s. 6d.i 
200 . FUEL, its Conibu-stion and Economy ; being an Abridgment of 
“A Treatise on the Combustion of Coal and the I’rovcntion of Smoko,” by 
C. W. Wii.L'AMS, A.l.C.E. With extensive, additions on Recent Practice in 
the Combustion and Economy of Fuel — Co.il, Ci*ki*, \\'t»od, Keat, Petroleum, 
8 fc.— bv D. K. Ct.ark, M.I.C.E. 2nd Edition. 3s. t.d.i 
202 , LOCOMOTIVE ENGINES, A Rudimentary Treatise on. 

Comprising an Historical Sketch and Desrription of the I.of:omotive Engine, 
by G. I). Dkmi'sf.y, C.E. ; with l-irge additions treating of the IModern Loco- 
motive, by D. Kinnear Clark, .M.I.C.E. 3s.* {Just published. 

21 1. THE BOILERMAKER'S ASSISTANT in Drawing, Tern- 

plating, and Calculating Boiler AVoik and T.ank Work, with Rules for the 
Evaporated l’owt;r and the Horse Power of Steam Boilers, and the Propor- 
tions of Safetv-Valves ; and useful Tables of Rivet Joints, of Circles, 
Weights of Metals, 8tc. By John Courtney, Prfctit;al Boiler Maker. 
Edited by D. K. Clark, C.E. 100 Illustrations. 2s. {Just published. 

The :( indicates that these 7 >ols. may be. had stron,i^ty bound at td. extra. 
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SHIPBUILDING, NAVIGATION, MARINE 
ENGINEERING, ETG^^ • ^ 

NAVAL ARCHITECTURE^ the Rudiments of; or an Eimosi- 

tion of the Elementary Principles of the Science, and their Practical 
cation to Naval Construction. Compiled for the Use of Beginners. P.y'^ 
Iambs 1'kake, School of Naval Architecture, H.M. Dockyard, Portsmouth. 
Ji'ourth Edition, corrected, with Plates and Diagrams. 3s. 6d.t 

SHIPS FOR OCEAN AND RIVER SERVICE, Elementary 

and Practical Principles of the Construction of. By Hakon A. Sommer- 
FELDT, Surveyor of the Roj'al Norwegian Navy. With an Appendix, is. 6d. 

AN ATLAS OF ENGR A VINGS to Illustrate the above. Twelve 

largo folding plates. Roj'al 4to, cloth. 7s. 6d. - 

S4t MALTING, MAST-MAKING, AND RIGGING OF SHIPS, 

Rudimentary Treatise on. Alsf) Tables of Spars, Rigging, Blocks ; Chain, 
Wire, and Hemp Ropes, &c., relative to e.very class of vessels. With an 
Appendix of Dimensions of Masts and Yards of the Royal Navy. By Rouert 
Kiri’iNG, N.A. J<”ourteeiVh Edition. Illustrated. 2s.t 

IRON SHJP-^nUJLDING. With l*iiictical Examples and Details 
for the Use of Ship Owners and .Ship Builders. By John Grantham, Con- 
sulting Engineer and Naval Architect. 5th Edition, with Additions. 4s. 

AN ATLAS OF FORTY PLATES to Illustrate the above. 

Fifth Edition. Including the latest Examples, such as H.M. .Steam Frigates 
“ AVarrior,” “Hercules,” ** Bellejophon ; ” H.M. Troop Sliiii “ Seraiiis,” 
Iron Floating Dock, &c., &c. 4to, hoards. 3&-. 

THE SAJLOR^S SEA BOOK: a Rudimentary Treatise on 

Navigation. Pail I. Howto Keep the Log and Work it off. Part II. On 
Finding the Latitude and Longitude. By James (iRKKNvvoop, B.A. To 
which are added, the Dcvi.ation and h>ror of the Compass ; Great Circle 
Sailing; the International (Commercial) Code of Signals; the Rule of the 
Road at .Sea; Rocket and Mortar Apparatus for .Saving Life; the Law of 
Storms; ;ind a Brief Dictionary of .S<*a Terms. With numerous Woodcuts 
and Coloured Plates of Flag-j. New, thoroughly revised and much enlarged 
edition. Hy AV^. H. Kosshk. 2s. Od.I \J tist publ tshed, 

80. MARINE ENGINES, AND STEAM VESSELS, a Treatise 

on. ’i’ogether with Practir.al Remarks on tht^ Screw and Propelling Power, 
as used in the Royal and Merchant Navy. Jly Roimux Mitrray, C.E., 
Engineer-Surv'oyor ’to the Board of Trade. AVith a Glossarj' of Technical 
Terms, and their ICquivalents in French, Gixman, and .Spanish. Seventli 
Edition, revised and eul.'irged. 11 lustra tecl. 3s4 

835/j. THE FORMS OF SHIPS AND BOATS: Hints, Experiment- 

all)’ Derived, fui somt? of the Principles regulating .Ship-building. By W. 
Blanh. Seventh Edition, revised,with numerous I llusi rations and Models. is.6d. 

99. NAVIGA'TION AND NAU 7 VCAL AS'TRONOMY, in Theory 

and T’raeticc. A^'ith Allompts to facilitate the Finding of the Time and the 
Longitude at .Sea. By J. R. AThtng, formerly iVofessor of Mathematics in 
Belfast College. Illustrated. 2s. 6d. 

100*. TABLES intended to facilitate the Operations of Navig^alion and 
Nautical Astronomy, as an Accompaniment to tlie above Book. By J. R. 
A'oi'no. is. 6d. 

SHIPS' ANCHORS, a Treatise on. By G. Cot.sei.l, N.A. is. 6d. 
SAILS AND SAIL-MAKING, an Elementary Treatise on. 

With Draughting, and the Centre of Effort of the Sails. Also, A\'Vights 
and Sizes of Ropes ; Masting, Rigging, and .Sails of Steam Vessels, &c., &c. 
Eleventh Edition, enlarged, with an Appendix. By Robkrt Khting, N.A., 
Sail maker, Quayside, Newcastle. Illustrated. 2S. Gd.f 

THE ENGINEER'S GUIDE TO 7 HE ROYAL AND 
MERCANTILE NAVIES. By a Practical Engineer. Revised by D. 
F. M'Carthy, late of the Ordnance .Survey Office, Southampton. 3s. 

PRAC 77 CAL NAV/GA 770 N, Consisting of The Sailor’s 
.Sea-Book. By James Greenwood and AV. H. Rosser. Together with 
the requisitd'Mathemalical and Nautical Tables for the AATirking of the 
IVoblems. By Hknrv Law, C.E.. and J. R. Young, formerly Professor of 
Alathcmatics m Belfast College. Illustrated with numerous AVood Engrav- 
ings and Coloured Plates. 7s. Strongly half-bound in leather. 

y/rc t indirntes that these vols, may be had strongly bound at 6d. extra, 

LONDON: CROSBY LOCKAVOOD AND CO., 
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PHYSlC^iL SCIENCE, NATURAL PHILO- 
, SOPHY, ETC. 

1. CTTEMISI'F^^ for the Use of Beginners. By Professor George 
^ Fownks, F.R.S. With an Appendix on the Application of Chemistry to 

* Agricijlturc. is. 

2. NATURAL PHILOSOPHY, Introduction to the Study of; for 

the Use of Rcginncrs. By C. Tommxson, Lecturer on Natural Science in 
King’s College School, London. Woodcuts, sis. 6d. 

4. MINERALOGY, Rudiments of ; a concise View of the Properties 

of Minerals. By A. Ramsay, Jun. Woodcuts and Steel Plates. 3s.t 

6. MECHANICS, Rudimentaiy Treatise on; being a concise Ex- 

position of the (general Principles of Mechanical Science, and their Applica- 
tions. By Charles Tomlinson. Illust^ted. is. 6d. 

7. ELECTRICJI'Y; showing the General Principles of Electrical 

Science, and the purposes to which it has been applied. By Sir W. Snow 
Harris, F.R.S. , &c. With Additions by R. Sabink, C.F.., F.S.A. is. 6d. 
7*. GALVANISM, Rudimentary Treatis# on, and the General Prin- 
ciples of Animal and Voltaic Electricity. By Sir W. Snow Harris. New 
Edition, witli considerable Additions by Robekt Sabine, C.E., F.S A. is. 6d. 

8. MAGNETISM ; being a concise Exposition of the General Prin- 

ciples of Ma^etical Science, and the Purposes to which it has been applied. 
By Sir W. S.\ow Harris. Now Edition, revised and enlarged by H. M. 
Noad, Ph.l)., Vice-President fjf the Chemical Society, Author of “A 
Manual of lilectricit>'»” tfec., &r. With 16-; Woodcuts. 3s. Cd.t 

11. THE ELEC'TRIC TELEGRAPH ; its Histoiy and Progress; 

with Descriptions of some of the Apparatus. By R. Sabine, C.E., F.S.A. 3s. 

12. PNEUMATICS, for the Use of Bcl’inners. By Charles 

Tomlinson. Illustrated, is. 6d. 

72. MANUAL OF THE MOLLUSCA ; a Treatise on Recent and 

Fossil Shcll.s. By Dr. S. P. WoonwAun, A.L.S. With Appendix by 
Ralph Tate, A.L.S., F.G.S, With numerous Plates and 300 Woodcuts. 
6s. Od. Cloth board.s, 7s. 6d. 

PHOTOGRAPHY, Popular Treatise on; with a Description of 
the Stereoscope, &c. Translated from the French of D. Van Monckiioven, 
by W. H. Tiiornthwaite, IMi.D. AVoodcuts. is. 6d. 

96. ASTRONOMY, By the Rev. R. Main, M.A., F.R.S., &c. 

New JCdition, with an Appendix on “ Spectrum Analysis.” Woodcuts, is. 6d. 

97. STATICS AND DYNAMICS, the Principles and Practice of; 

embracing also a clear development of Hydrostatics, H3*drodynaniics, and 
Central Forces. By T. Baker, C.E. is. 6d. 

138. 7 'ELEGRAPII, Handbook of the; a Manual of Telegraphy, 
Telegraph Clerks’ Remembrancer, and Guide to Ciindidates for Employ- 
ment ill the Telegraph Sen’icc. By K. Bono. Fourth Edition, revised and 
enlarged : to which is appended, QUESTIONS on MAGNETISM, ELEC- 
TRIC I I'Y, and PRACTICAL TEl.EGKAPHY, for the Use of Students, 
hj' W. McGreoor, First Assistant Supiit., Indian Gov, Telegraphs. 3s.t 

143. EXPERIMENTAL ESSAYS, By Charles Tomlinson. 

I. On the Motions of Camphor on Water, IT. On the Motion of Camphor 
toAvards the T/i gilt. III. Historyof theModemTlieorj^of Dew. Woodcuts, is. 

173. PHYSICAL GEOLOGY, partly based on Alajor-General PoRr- 

lock’s R udiments of Geology.” ByKALPuTATE, A.L.vS.,&c. AVoodcuts. 2s. 

174. HISTORICAL GEOLOGY, partly based on Major-General 

Portlock's “Rudiments.” By Ralph Tate, A.L..S., 8:c. Woodcuts, as. 6d. 

173 RUDIMENTARY TREATISE ON GEOLOGY, Physical and 

& Historical. Partly based on Maior-Gcncral Portlock’s “ Rudiments of 
J-- Geology.” By Ralph Taie, A.L.S., F.G.S. , 8cc., &c. Numerous lllustra- 
tions. In One Volume. 4s. od.t 

183. ANIMAL PHYSICS, Handbook of. By Dr. Lardner, D.C.L., 

Sc formerly Professor of Natural Philosophy and Astronomy in University 
College, Lond. With 520 Illustrations. In One Vol. ^s. 6d., cloth boards. 
So/(i also in T’lvo Pat ts, ns follotvs : — 

183. Animal Physics. By Dr. Lardner. ]*art I., Chapters T—VIT. 4*. 

184. Animal Physics. By Dr. Lardner. Part II., Chapters ATIl—XVIlI. 3s. 

The t indteafes lhai Ihcse vols. may be had slron^cly bound at 6 d, extra. 

7, STATIONERS' HALL COURT, LUDGATE HILL, E.C. 
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MINING, METALLURGY, ETC. 

117. SUBTERRANEOUS SURVEYING, EIeiiye*tar3j^and Practical 

Treatise on, with and without the Magnetic Needle? By Thomas Fknwick, 
Surveyor of Mines, and Thomas Baker, C.E. Illustrated. 2s. 

133. METALLURGY OP COPPER ; an Introduction to the MetnCNIi^ 

of Seeking, Mining, and Assaying Copper, and Manufacturing its Alloys. 
By Robert H. I.ambokn, Ph.J). Woodcuts. 2s. 6d.t 

134. METALLURGY.^OF SILVER AND LEAD, A Description 

of the Ores ; their Assay and Treatment, and valuable Constituents. By Dr. 
R. H. Lamborn. Woodcuts. 2s. 6d.4 

135. ELECTRO-METALLURGY; Practically Treated. By Alex- 

ander Watt, E.R.S.S.A. Seventh Edition, revised, with important addi- 
_ tipns, including the Elcf tro- Deposit! on of Nick&l, &c., &c. Woodcuts. 

[ 7 «sf published, 

172. MINING T’OOZ.S, Manual of. For the Use of Mine Managei's, 

Agents, Students, &c. Comprising Observations on the Materials from, and 
Processes by, which they are manufactured ; their Special Uses, Applica* 
tions, Qualities, and E^icicncy. By William Morgans, Lecturer on Mining 
at the Bristol School of Mines. 2s. 6d.t 

172*. MINING TOOLS, ATLAS of Engiavings to Illustrate the above, 

containing 235 Illustrations of Mining Tools, drawn to Scale. 4to. 4s. Cd. ; 
cloth boards, 6s. 

176. METALLURGY OF IRON, a Treatise on the. Containing 

History of Iron Manufacture, Methods ofA^ay, and Analyses of Iron Ores, 
Processes of Manufacture of Iron and .Stcel,*&c. By H. liAUHRMAN, F.G.S. 
Fourth Edition, enlarged, with numerous Illustrations. 4s. 6d.t 

180. COAL AND CfiAL MINING, A Rudimentary Treatise on. 
Bjj Warington W. Smyth, M.A., F.R.S., 8cc., Chief Inspector of the 
Clines of the Crown and of the Duchy of Cornwall. Fifth Edition, revised 
and enlarged. AVith numerous Illustrations. 3s. 6d.t Vfusi published, 

195. THE MINERAL SURVEYOR AND VALUER^S COM- 

PI.KTE GUIDE, with new Traverse I'ablcs, and Descriptions of Improved 
Instruments ; also the Correct Principles of J.aying out and Valuing Mineral 
Properties. By Wii.liam Lintbrn, Mining and Civil Engineer. With 
four Pl.’itesof Diagrams, Plans, &c. 3s. 6d.J 

214. A TREATISE ON SLATE AND SLATE QUARRYING, 

Scientific, Practical, and Commercial. By D. C. Davies, F.G.S., Mining 
Engineer, &c. AVith numerous Illustrations and Folding Plates. 3s.t 

[lusl publiihed. 


FINE ARTS. 

20. PERSPECTIVE FOR BEGINNERS, Adapted to Young 

Students and Amateurs in Architecture, Painting, &c. By George Pyne, 
Artist. Woodcuts, 2s. 

40 GLASS SIAINING ; or. The Art of Painting on Glass. From 

& the- German ot Dr. Gks.sert. With an Appendix on 'J’hk Art ok Enamel- 
LING, 8 tc. ; together with The Art of Painting on Glass. From the 
^ ’ German of Emanuel Otto Frombkrg. In One Volume. 2s. 6d. 

69. MUSIC, A Rudimentary and Practical Treatise on. "With 

numerous Examples. By Charles Child Spencer. 2s. 6d. 

71. PIANOFORTE, The Art of Playing the. With numerous Exer- 
cises and Lessons. Written and Selected from the Best Masters, by Charles 
Child Spencer, is. 6 d. 

181. PAINTING POPULARLY EXPLAINED, including Fresco, 

Oil, Mosaic, W.atcr Colour, AVater-Glass, Tempera, Encaustic, Miniature, 
Painting on Ivor^’, Vellum, Pottery, Enamel, Glass. &c. AVith Historical 
Sketches of the Progress of the Art by Thomas John Guli.ick, assisted by 
John Times, F.S.A. Fourth Edition, revised and enlarged, with Frontispiece 
and Vignette. 5s.t 

186. A GRAMMAR OF COLOURING, applied to Decorative 

Painting find the Arts. By George Iteld. New Edition, enlarged and 
adapted to the Use of the Ornamental Painter and Designer. By Ellis A. 
Davidson, Author of “ Drawing for Carpenters,” &c. With two new 
Coloured Diagrams and numerous Engravings on Wood. 3s.t 

2 hex indicates that these vols. may be had strongly bound at 6 d. extra. 
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AGRICULTURE, GARDENING, ETC. 

29. THE DRAINAGE OF DISTRICTS AND LANDS. Dy 

G. Dr^DALe f^MFSEY, C.E. {New Edition in preparation. 

ep^LAY LANDS AND LOAMY SOILS. By Professor 

' ’ Donaldson, xs. 

131. MILLER^S, MERCHANTS, AND FARMER'S READY 

RECKONER, for ascertaining at sight the value of any quantity of Corn, 

I , from One Bushel to One Hundred Quarters, at any given price, from i to 
't £S per Qr. With approximate values of Millstones, Millwork, 8tc. is. 

?f40. SOILS, MANURES, AND CROPS. (Vol. i. Outlines of 

Modern Farming.) By R. Scott Burn. Woodcuts, as. 
t4i. FARMING A^D FARMING ECONOMY, Notes, Historical 
/, and Practical, on. (Vol. 2. Outlines of*Modern Farming.) S^biT 

’ Burn. Woodcuts, .^s. 

M42. STOCK; CATTLE, SHEEP, AND HORSES. (Vol. 3. 

I', Outlines of Modern Farming.) By R. Scott Burn. Woodcuts, as. Gel. 

. ’145. DAIRY, PIGS, AND PO TO F,* Management of the. By 
R. Scott Burn. With Notes on the Diseases of Stock. (Vol. 4. Outlines 
of Modern Farming.) Woodcuts. 2s. 

. 146. UTILIZATION OF SEWAGE, IRRIGATION, AND 

/ RECLAMATION OF WASTE LAND. (Vol. 5 * Outlines of Modern 

Farming.) By R. Scott Burn. Woodcuts, as. 6d. 

Nos. X40-1-2-5-6, in One Vol., handsimely half-bound, entitled “Outlines of 
Modern Farminc,*?' By Robert Scott Burn. Price 12s. 

177. FRUIT TREES, The Scienlihc and Profitable Culture of. From 
the French of Du Breuil. Revised by Geo. Glkvny. 187 Woodcuts. 3s. 6d.t 
198. SHEEP; THE HISTORY, Sl'RUCTUKE, ECONOMY, AND 
DISEASES OF. By W. C. Sfooner, M.R.V.C., &c. Fourth Edition, 
considerably enlarged ; with numerous fine engravings, including some 
specimens of New and Improved Breeds. 366 pp. 3s. 6d.t 

201 . KITCHEN GARDENING MADE EASY. Showing how to 

prepare and layout the ^ound, the best means of cultivating every known 
Vegetable and Herb, with cultural directions for the manaKcmcnt of them 
all the year round. By George M. F. Glknw, Editor of “ Glcnny’s Illus- 
trated Garden Almanack,” and Author of “ Floriculture,” &c. is. 6d.t 

207. OUTLINES OF FARM MANAGEMENT, and the Organt^ 

zation of Farm Labour : Treating of the General Work of the Farm; Field 
and Live .Stock ; l^ctails of Contract Work ; Specialities of Labour; Econo- 
mical Management of the Farmhouse and Cottage, and their Domestic 
Animals. By Robert Scott Burn. Numerous Illustrations. 2s. 6d.t 

{fust published. 

208. OUTLINES OF LANDED ESTATES MANAGEMENT: 

Treating of the Varieties of Lands on the Estate ; Peculiarities of its Farms ; 
Methods of Farming ; the Setting-out of Farms ;md their Fields ; the Con- 
struction ot Roads, Fences, G.ates, and the various Farm Buildings; the 
several Classes of Waste or Unproductive Lands ; Irrigation ; Drainage, 
Plantation, &c. By R. Scott Burn. With numerous Illustrations. 2S.6d.t 

[fust published. 

Alos. 207 208 in One Vol., handsomely half- bound, entitled “ Outlines of 

Landed Estates and Farm Management.” Bv R. Scott Burn. Price bs . 

209. THE TREE PLANTER AND PLANT PROPAGATOR : 

Being a Practical Manual on the Propagation ot Forest Trees, Fruit Trees, 
Flowering Shrubs, Flowering Plants, rot- Herbs, 8tc. ; with numerous Illus- 
trations of Grafting, L.Tycring, Budding, Cuttings, &c.. Useful Implements, 
Houses, Pits, &c. By Samuel Wood, Author of “ Good Gardening.” 2s.t 

published. 

210. THE TREE PRUNER : Being a Practical Manual on the 

Pruning of L'niit Trees, including also their Training and Renovation, with 
the Best Method of bringing Old and Worn-out Trees into a State of 
Bearing; also treating of the Pruning of Shrubs, Climbers and Flowering 
Plants. With numerous Illustrations. By Samuel Woo», Author of “ Good 
Gardening,” &c. 2s.t [Just published. 

%• Nos. 2oq iS- 210 in One Vol., handsomely half-bound, entitled “The iree 
Planter, Propagator and Pruner.” By Samuel Wood. Price 5r. 

ffgy* The t indicates that th ese vols. may be had strongly bound at bd. extra. 

y, STATIONERS* HALL COURT, LUDGATE HILL, E.C. 
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ARITHMETIC, GEOMETlg^Y, MATHEMATICS, 

ETC. % 

32. MATHEMATICAL INSTRUMENTS, a Treatise on; in which 

their Construction and the Methods of Testing, Adjusting, and Usift^U|cm 
are concisely Explained. l\y J. F. Heatiiiir, M.A., ol the Royal Milita?^ 
Academy, Woolwich. Original Edition, in i vol., Illustrated, is. 6d. 

*** ordering the above, be careful to say, “ Original Edition ** {.No. 32), to distin~ 

gnish it from thi Enlarged Edition in 3 %>ols. {Nos. 168-9-70.) 

60. LAND AND ENGINEERING SURVEYING, a Treatise on; 

with all the Modern Improvements. Arranged for the Use of Schools and 
Private Students ; also ior Practical Land SurA*cyors and Engineers. Jiy 
T. Baker, C.E. New JWition, revised by Edwaio Nuceni', C.E. Illus- 
^ 'TSated with Plates and TJiagrams. 2s.t 

61*, READY RECKONER FOR THE ADMEASUREMENT OF 

LAND. By Arrauam Arman, Schoolmaster, Thurleigh, Beds. To which 
is added a T.able, showing the Price of Work, from 2s. 6d. to;£^i per acre, and 
Inbles for the Valuadon of Land, from is. to ^“i,ooopcr acre, and from one 
pule to two thousand acres in extent, &c., &c. zs. Cd. 

y6. DESCR/FTIVE GEOME 2 RY, an Elementary Treatise on; 

with a ’ITieory of Shxidows and of Perspective, extracted from the French of 
G. Mongk. To which is added, a description of tlie. Principles and Practice 
of Isometrical Projection ; the whole being intended as an introduction to the 
Application of Descriiitive Gcftnetry to various branches of the Arts. By 
J. F. Heather, M.A. Illustrated with 14 f lates. 2s. 

178. PRACTICAL PLANE GEOMETRY: giving the Simplest 

Modes of Constimrting Figures contained in one Pl.ane and Geometrical Con- 
struction of the Ground. P»3'J. F. Heather, M.A. With 215 Wioodcuts. 2s. 

179. PROJECTION : Orthographic, Topographic, an<i Pei-spective : 

giving the various Modes of Delineating Solid Forms by Constructions on a 
Single Plane Surface. By J. F. Heather, M.A. [/« preparation* 

*** 7 'he above three volumes 7 vill form a Ccmvix.’tv. Elementary Cohrse of 
Mathematical Drawing. 

83. COMMERCIAL BOOKKEEPING* With Commercial Phrases 

and Forms in English, French, Italian, and German. By James Haddon, 
M.A., Arithmetical Master of King’s College School, London, is. 6d. 

84. ARITHMETIC, a Rudimentary Treatise on: with full Exjdana- 

lions of its 'J'lieoretical Principles, and numerous Examples for Practice. For 
the Use of Schools and for Self-Instruction. By J. R. Young, late Professor 
of Mathematics in Belfast College. New JCdition, with Index, is. Od. 

84*. A Key to the above, containing Solutions in full to the Exercises, together 
with Comments, Explanations, an<l Improved Processes, for the U.sc of 
Teachers .and Unassisted I.earners. J. K. Yoij.no. is. 6d. 

85. EQUA TJONAL ARITHMETIC, applied to Quc.stions of Interest, 

8u*. Annuities, Life Assurance, and General Commerce; with various Tables by 

^ which all Calculations ma}' be greatly facilitated. By W. Hu'SI.ey. 2s. 

86. ALGEBRA, the Elements of. By Jame.s Haduon, M.A., 

Second M.athem.atical Master of King’s College .School. With Appendix, 
containing miscellaneous Investigations, and a Collection of Problems in 
various parts of Algebra. 2s, 

8j*. A Key and Companion to the above Book, forming an extensive repositoiTr o 
Solved Examples and J*roblt?ms in Illustration of the various Expedient.* 
necessary in Algebraical Operations. Especially adapted for Self-Instruc- 
tion. By J. K. Young, is. 6d. 

88. EUCLID, The Elements OF : wth many .additional Propo.sition‘ 

go and Explanatory Notes : to which is prefixed, an Introductory Essay 01 
Logic. By Henry Law, C.E. 2s. 6d.t 

^ Sold also separaiely, viz. : — ’* 

88. Euclid, The First Throe Books. By Henry Law, C.E. is. 

89. Euclid, Books 4, 5, 6, 11, 12. By Henry Law, C.E. is. 6d. 

The i iudicnics that these, vols. may be. had strongly bound at Od. extra. 

LONDON: CROSBY LOCKWOOD AND CO., 
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Arithmetic, Geometry, Mathematics, etc., continued, 

90. ANALVaC^ GEOmMrY AND CONIC SECTIONS, 

a RudimOTxary TffKtisc on. Ily James Hanv, late Mathematical Master of 
Kings College School, London. A New Edition, rc-writtcn and enlarged 
uy J . R. Young, formerly Professor of Mathematics at lielfast College. 2s. « 

91. PLANE TRIGONOMETRY^ the Elements of. By Jamks 

Hann, formerly Mathematical Master of King’s College, London, is. 

92. SPHERICAL TRIGONOMETRY, the Efements of. By James 

Hann. Revised by Chaeles H. Dowling, C.E. is. 

*•* Or with “ The Elements of Plane 'TrifConometryP in One VoluTne, zs. 

93. MENSURATION AND MEASURING, for Students and Brnc- 

tical Use. AVith tl|e Mc*nsuration and I.eve^ing of I.and for the Purposes of 
Modern Engineering. By T. ]{akkr, C.E. New Edition, with CdTiTt tioiTs 
and Additions by E. Nugent, C.E. Illustrated, is. 6d. 

101*. MEASURES, IVEIGIITS, AND MONEYS OF ALL NA- 

TIONS, and .an Anal3sis of the Christian, Hebrew, and IMalionietan 
Calendars. By W. S. B. Wooliioilsr, E.R./Y.S. {Refirintii/ji:. 

102. INTEGRAL CALCULUS, Rudimentary Treatise on the. By 

H0MER.SHAM Cox, B.A. Illustrated, is. 

103. INTEGRAL CALCULUS, Examples on the. By James Hann, 

late of King’s College, London. Illustrated, is. 

lOl. DIFFERENTIAL CALCULUS, Elements of the. By W. S. B. 

WooLHOusE, E.R.A.S., *^r. is. 6d. 

105, MNEMONIC AL LESSONS. — Geometry, Algebra, and 

Tkigonomkxkv, in Easy Mncmonic.al Lessons. ^ By tljc. Rev. Tho.mas 
Pknvngton Kirkmav, M.A. is. 6d. 

136. ARlTJIiMETJC, Rudimentary, for the Use of Schools and Self- 

Instruction. By James Haddon, M.A. Revised by AnitAiiAM Arman, 
is. 6d. 

137. A Kuy TO Haddon’s Ri niMBNTARY Aritiimktic. ByA. Ar.man. is. 6d. 

168. DRAWING AND MEASURING INSTRUMENTS, Includ- 

ing — I. Instruments employed in Geometrical and Mcch;jnir;il r)r;i\ving, 
and in the Construction, C^opying, and JMeasureincnt of Maps and Plans. 
11 . Instruments used for the purposes of Accurate Measurement, and tor 
Arithmetical Comptit.ations. ByJ. F. Heather, M.A., late of the. Royal 
^Military Academy, Woolwich, Author of “ Descriptive G('om(?try,” &c., &c. 
lllii.strated. is. 6d. 

169. OPTICAL INSTRUMENTS. Including^ (more e.specially) Tele- 

scopes, Microscope.s, and .Ajjparatus for producing copies of M.aps and Plans 
by i:’hotogi-a])liy. By J. F. Heather, JM..A. Illustrated, is. od. 

170. SURVEYING AND ASTRONOMICAL INSTRUMENTS, 

Including — I. Instruments Used for Determining the Geometrical Features 
of a portion of Gnmnd. H. Instruments Employed in Astronomical Observa- 
tions. By J. F. lliiArHER, :M.A. Illustrated, is. 6d. 

*** The a 5 o 7 fe three volumes form an etilar,t:emrnt of the Anther's original ivork, 
A fa t/iematical Institiments: i heir Construct ion. Adjust menf. Test iny:, and L ’se," 
the Thirteenth Edition oftt hieh is on sale, price is. (ni. {See AV>. ^2 in the Series.) 

J 6 S.I MATHEMATICAL INSTRUMENTS. By J. F. Heather, 

169. ? M.A. Enlarged lulition, for the most part entirely re-written. The 3 Parts as 
170..) above, in One tliitrk Volume. With numerou-s Illustrations. 4s. 6d.t 

158. THE SLIDE RULE, AND HOW TO. USE IT; containing 

full, easy, and simple Instructions to perform all liusiness Calculations with 
unexampled rapidity and accuracy. Bj* Charles Hu.ake, CMC. With a 
Slide Rule in tuck of rover, 

185. THE COMPLETE MEASURER ; setting forth the Measure- 
ment of Boards, Glass, &c., &c. ; I'ncqual-sided, Square-sided, Octagonal- 
sided, Round Timber and .Stone, ami .standing Timber. With a Table 
showing the solidiD’ of hewn or ciglit-sidod timber, or any octag()nal- 
sided column. Compiled for Timber-growers, Merchants, and Surveyors, 
Stonemasons, Architects, ;ind others. By Rich.aru Horton. Third 
Edition, with valuable additions. 4s. ; strongly bound in leather, 5s. 

7 'he t indicates that these snds. niay be had st/vnf;ly bound at 6 d. extra. 

7, stationers' hall COURT, LUDGATE HILL, E.C. 
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weale’s rudimentary sIries^ 

Arithmetic, Geometry, Mathematics, etc., continued. 

196. THEORY OF COMPOUND INTEWST %SNb ANNUI- 

TIKS; with Tables of Logarithms for the more Difficult Computations of 
Interest, Discount, Annuities, &c. By F^dor ThomAN, of the Soci^ C^dit 
Mobilier, Paris, ^s.t ~ « 

199. INTUITIVE CALCULATIQNS ; or, Easy and Compendious 

Methods of Performing the various Arithmetical Operations required in 
Commercial and Business Transactions ; together with Full Explanations of 
Decimals :ind Duddccimals, several Useful Tables, and an Examination and 
Discussion of the best Schemes for a Decimal Coinage. By Daniel 
O’Gorman. Twenty-fifth Edition, corrected and enlarged by J. R. Young, 
formerly Professor of Mathematics in Belfast C(^llege. 33.^ 

*20^y»IA THEM A TICA CTABLES^ for Trigonometrical, Astronomical, 

and Nautical Calculations ; to which is prefixed a Treatise on Logarithms. 
By Hknry Law, C.E Together with a Scries of Tables for Navigation 
and Nautical Astronomy. By J- R. Young, formerly Professor of Mathe- 
matics in Belfast CLsMegc. New Edition. 3s. 6d.t [Just published. 


MISCELLANEOUS VOLUMES. 

36. A DICTIONARY OF TERMS used in ARCHITECTURE, 
BUII.niNG, ENGlNliRRI%iG, MINING, METALLURGY, ARCJ/AE’ 
OlAhGY, the EJNE ARTS, By Weale. Fifth Edition. Keviscc 
by Kohert Hunt, F.R.S., Keeper ot hlining Records. Numerous lllus< 
trations. 5s. cloth limp ; 6s. cloth boards. 

so. THE J.A JY t>E CONTRACTS FOR WORKS AND SER. 

YICES. Jiy David Girhons. Third Edition, cnl.arged. 3s.t 

112. MANUAL OF DOMESTIC MEDICINE. By R. GooDiNa 
B.A., hl.D. Intended as a Family Guide in all Cases of Accident ant 
Enicrgtmcy. 2s.t 

II2*. MANAGEMENT OF HEALTH. A Manual of Home and 
Per.sonal Hygiene. By the Rev. James Baird, B.A. xs. 

150. LOGIC, Pure and Applied. By S. H. Emmens. is. 6d. 

152. PRACTICAL HINTS FOR INVESTING MONEY. WitI 

an Explanation of the [Mode of Transacting Busine.s.s on the Stock Exchange 
By Francis Pi.AvroKD, .Sworn Broker, is. 6d. 

153. SELECTIONS FROM LOCKERS ESSAYS ON THE 

HUMAN UNDERSTANDING. With Notes by S. H. Emmkns. 2s. 

154. GENERAL HINTS TO EMIGRANTS. Containing Notice- 

of the v.Trious Fields for Emigration. AVith Hints on Prep.ir.ntion foi 
Emigrating, Outfits, &c., &c. With Directions and Recipes useful to thi 
Emigrant. With a Map of the World. 2S. 

157. THE EMIGRANT’S GUIDE TO NATAL. By Rober: 
Jamk.s Mann, F.R.A.S., F.M.S. Second Edition, careiully corrected t 
the present Date. Map. 2s. 

193. HANDBOOK OF FIELD FORTIFICATION, intended forth. 

Guidance of Officers Preparing for Promotion, and especially adapted to th 
requirements of Beginners. By M.njor W. W. KNOI.T.YS, F.K.G.S., Q3n 
Sutherland Highlanders, 8tc. With 163 Woodcuts. 3s.t 

194. THE HOUSE MANAGER : Being a Guide to Housekeeping 

Practical Cook<*ry, Pickling and Preserving, Housithold Work, D.iir 
IManagemcnt, the Table . and Dessert, Ce.ll.arage. of AVines, Home-brewin 
and VV''in€;-making, the Boudoir and Dressing-room, Travelling, Stal)! 
Economy, Gardening Operations, &c. By An Old Hou.sekkkpkr. 3s. 6d.^ 

194. HOUSE BOOK {The). Comprising: — I. The IIc)It.se Manager 
1 12. By an 4)Ln Housekeeper. IL 1 >omkstic Medicine. By Ralph (Joodi.vc: 
^ M.D. HI. Management of Health. By James Baird. In One Vol. 
^ strongly half-bound. 6s. 


The X indicates that these vols. may be had strong/y bound at 6d, extra. 
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weale’s educational and classical series. 


EDUCATIONAL A ND CLASS ICAL SERIES. 

‘ * HISTORY. 

I. England, Outlines of the History of; more especially with 

reference to the Orifrin and Prog;ress of the English Constitution. By 
William Douglas Hamilton, E.S.A., of Her Majesty’s Public Record 
Office. 4th Edition, revised. 5s. ; cloth boards, 6s. 

5. Greece, Outlines of the History of J in connection with the 

Rise of the Arts and Civilisation in Europe. ByW. Douglas Hamilton, 
of University College, London, and Edward Levien, M.A., of Balliol 
College, Oxford. 2S. 6d. ; cloth boards, 3s. 6d. 

7. Rome, Outlines of the History of: from the Earliest Period 

to the Christian Era and the Commencement of the Decline of the Ltnpiie. 
By Edward Levien, ot Balliol College, Oxford. Map, 2s. 6d. ; cl. bds. 3s. 6d. 

9. Chronology of History, Art, Literature, and Progress, 

from the Creation oi the World to the Conclusion of the Franco-German War. 
The Continuation by W. D. Hamilton, F.S.At 3s. ; cloth boards, 3?. 6d. 

50. Dates and Events in English History, for the use of 

Candidates in Public and Private Examinations. By tbc Rev. £. Rand. zs. 

ENGLISH LANGUAGE AND MISCELLANEOUS. 

II. Grammar of the English Tongue, Spoken and Written. 

With an Introduction t.. the Study of Comparative Philology. By Hyde 
Clarke, D.C.L. Third Edition, zs. 6d. 

II*. Philology : Handbook of the Comparative Philolo^^ of English, 
Anglo-Saxon, Frisi;in, Flemish or Dutch, Low or Platt pTuTeh, High Dutch 
or German, Danish, Swedish, Icel.andic, Latin, Italian, French, Spanish, and 
Portuguese Tongues. By Hyde Clarke, D.C.L. is. 

12. Dictionary of the English Language, as Spoken and 

Written. Containing above 100,000 Words. By Hyde Clarke, D.C.T,. 
3s. 6d. ; cloth boards, 4s. Od. ; complete with the Grammar, cloth bds., 5s. Cd. 

48. Composition and Punctuation, familiarly Explained for 

those who have neglected the Study of Grammar. By Justin Brexan. 
TVth ICdition. zs. 6d. , 

49. Derivative Spelling-Book; Giving the Origin of Every Word 

from the Greek, Latin, Saxon, Germ.an, Teutonic, Dutch, French, Sp.Tnish, 
and other Languages; with their present Acceptation and Pronunciation. 
By J. Rowhotiiam, F.R.A..S. Improved Edition, is. 6d. _ , . 

51. The Art of Extempore Speaking : Hints for the Pulpit, the 

.‘'en.'ite, and the Bar. B3’ M. Bautain, Vicar-Gencral and Professor at the 
.S«irbonnc. Translated from the French. 7th Edition, carelully corrected. 2s. 6d. 

52. Mining and Quarrying, tvilh the Sciences connected there- 

witli. First Book of, for Schools. By J. H. Collins, F.G.S., Lecturer to 
tiie IVliners’ Associatif)n of Cornwall and Devon, is. 

53. Places and Facts in Political and Physical Geography, 

for Candid.ites in Examin.ations. By the Rev. Edgar Rand, B. A. is. 

54. Analytical Chemistry, Qualitative and Quaiiiitative, a Course 

of. To which is prefixed, a liriet Treatise upon Modem Chemic.al Nomencla- 
ture and Notation. By \Vm. "W. Pink and George E. eiister. 2s. 

THE SCHOOL MANAGERS’ SERIES OF READING 
BOOKS, 

Adapted to the Requirements of the New Code. Edited by the Rev. A. R. Grant, 
Rector of llitcham, and Honorary Canon ot EI3'; tormcrly H.M. Inspector 
of .Schools. 

Introductory Primer, 3^/. 

J. a. *• 

First Standard . .06 Foitrtii Standard . . .12 

Second „ . .010 Fifth „ i * 9 

Third ,, . . z o Sixth „ . . . z 6 

Lessons from THE Bible. Parti. Old Testament, is. .... ,, , 

Lesso.ns from the Bible. Part 11 . New 'restament, to winmi is add^ 
'J’liE Geograi’HY of the Bible, for very' 3'oung Childr^. By Rev. C. 
Thornton Forster, is. 2d. %* Or the Two Parts in One v olume . 2s. 

7 , stationers’ hall court, ludgate hill, e.c. 
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french. 

French Grammar. With Complete !«fl Goiwise Rules on thi 
Genders of l^rcnch Nouns. By G. L. Stkauss, Ph.D. is. 6d. 

Dictionary. Comprising a large iramber o 
Aew Terms used in Engineering, Mining, 8cc. By Alfred Elwes. is. 6d. 

English-French Dictionary. By Alfked Elwes. 2s. 
25,26. French Dictionary (as above). Complete, in One Vol., 5s. 

cloth boards, 3s. 6cl. %* Or with the Grammar, cloth boards, 4s. 6d. 

4/. French and English Fhrase Book.: containing Intro 

ductory Les.sons, with Translations, several Vocahularics of Words, a Col 
lection of suitable Phrases, and Easy Familiar Dialogues, is 


24 - 


26. 


^ GERMAN. 

39. German Grammar. Adapted for English Students, fron 

Heyse’s 1 Iieoretical and Practical Grammar, by Dr. G. L. Strauss, is. 

40. .German Reader ; A Scries of Extracts, caielully culled from Iht 

most approved Authors of Germany; with Notes, Philological and Ex 
planatory. Hy G. L. Strauss, Ph.D. is. 

41. German Triglot Dictionary. By Nicholas Esterhazi 

S. A. Hamilton. Parti. English-Gcrman-Frciicli. is 

42. German Triglot Dictionary. Part II. German-French 

English. IS, t/ 

43. German Triglot Dictionary. Part III. French-Geiman 

Englisli. IS. 

41-43. Gcrm«Tn Triglot Dictionary (as above), in One Vol., 3s. 

cloth boards, 4s. **■* Or with the German Grammar, doth boards, 5s. 


ITALIAN. 

27, Italian Grammar, arranged in Twenty Lessons, with a Cours. 

of Exorcises. By Alfred F.lwe.s. is. 6d. 

28. Italian Triglot Dictionary, wherein the Genders of all tli. 

Itiilian nml French N<»iins ;iro carefully noted down. By Alfred Elwes 
V ol. 1. Italian-English-French. 2s. Od. 

30. Italian Triglot Dictionary. By A. Elwes. Vol, 2 

English-Frenrh-Italiaii. 2s, 6d. 

32. Italian Triglot Dictionary, By Alfred Elwes. Vol. 3 

French-Italian- English. 2s. Od. 

28,30, Italian Triglot Dictionary (as above). In One Vol., 7s. 6d 

32. Cloth boards. 

SPANISH AND PORTUGUESE. 

34. Spanish Grammar, in a Simple and Practical Form. Wit] 

a Course of Exercises. By Alfrf.d Elwes. is. 6d. 

35. Spanish-English and English-Spanish Dictionary 

Including a larger niynher ol Technical Terms used in Jiliiiing, Engineering, &c, 
with the, jiroper Accents and the Gende,r of every Noun, ]{y Alfred Elwes 
4s. ; cloth hoards, 5s. %* Or with the Grammar, doth hoards, 6s. 

55. Portuguese Grammar, in a Simple and Practical Form 

With a Course of Exerci.ses. By Alfred Eiaves. is. Gd. 

56. Portuguese-English and English-Porluguese Die* 

tionary, with the Genders of cadi Noun. By Alfred Elwes. 

[/u preParaiion. 


HEBREW. 

46*. Hebrew Grammar By Dr. Bresslau. is. 6 d. 

44. Hebrckw and English Dictionary, Biblical and Rabbinical 
containing the Hebrew and Chaldee Roots of the Old Tcst.-micnt Post 
Rabbinical Writings. By Dr. Bresslau. 6s. %* Or with the Grammar, 7s 

46. English and Hebrew Dictionary. By Dr. Bresslau. 3s 
44,46. Hebrew Dictionary (as above), in Two Vols., complete, will 
46*. the Grammar, cloth boards. 12s. 


AND GO.. 
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LATIN. 

19. Latin ^ raikirnar. Containing the Inflections and Elementai'y 

Principles of Translation and Construcrtion. Ily the Rev. Thomas Goodwin, 
M.A., Head Master of the Greenwich Proprietary School, xs. 

20. Latin-English Dictionary. By the Rev. Thomas Goodwin, 

M.A. 2s. 

22. English-Latin Dictionary ; together with an Appendix of 

French and Italian Words which have their origin from the Latin. By the 
Rev. Thomas Goodwin, M.A. is. 6d. 

20,22. Latin Dictionary (as above). Complete in One VoL, 3s. 6d.; 

cloth boards, 4s. 6d. Or with the Grammak, cloth boards, 5s. 6d. 

LATIN CLASSICS. With Explanatory Notes in English, 
ic Latin Delectus. Containing Extracts from Classical. Authors, 
with Genealogical Vocabularies and Explanatory Notes, by H. Young, is. 

2. Caesaris Commentarii cle Bello Gallico.^ Notes, and a Geographical 

Register for the Use of Schools, by H. Youxo. 2s. 

3. Cornelius Nepos. With Notes. By H. Young, is. 

4. Virgilii Alaionis Bucolica et Georgica. With Notes on the Buco- 

Kes by W. RushtoxV, M.A., and on the Georgies by H. Young, is. 6d. 

5. Virgilii Maronis JEncis. With Notes, Critical and Explanatory, 

by H. Young. New ]*' lition, revised and improved. With copious Addi< 
tional Notes by Rev. T. H. L. Learv, D.C.L., lonnerly Scholar of Brasenosc 
College, Oxford. 3s. 

5* Part 1. jiooUs i. — vi., is. 6J. 

'■ ... . Part 2. Books vii. — xii., 2s. 

6. Horace ; Odes, Epode, and Carmen Saeculare. Notes by H. 

Young, is. 6d. 

7. Horace; Satires, Epistle.s, and ArsPoetica. Notes by W. Brown- 

RiGG Smith, M.A., F.R.G.S. is. 6 d. 

8. Sallustii Crispi Catalina et Bellum Jugurthinum. Notes, Critical 

and Explanatory, by \V. M, Donnk, B.A., Trin. Coll., Cam. is. 6J. 

9. Terentii Andria et Heautonlimorumenos. AVith Notes, Critical 

and Explanatory, by the Rev. Ja.mes Davies, IM.A. is. 6d. 

10. Terentii Adelphi, Hecyra, Phormio. Edited, with Notes, Critical 

and Explanatory, by the Rev. James I^avies, M.A. 2s. 

11. Terentii Eunuchus, Comuidia. Notes, by Rev. J. Davies, M.A. 

IS. 6d. 

12. Ciceronis Oratio pro Sexto Roscio Amerino. Edited, with an 

Introduc tion, An.iU’sis, and Notes, Explanatory and Critical, by the Rev. 
James Davies, M.'A. is. 

13. Ciceronis Orationes in Catilinam, Verrcin, et pro Archia. 

With Introduction, Analysis, and Notes, Explanatory and Critical, by Rev. 
T. JI. L. Leary, D.C.L. formerly Scholar of Brasenosc College, Oxford. 

IS. Od. 

14. Ciceronis Cato Major, Lscliiis, Brutus, sive de Senectute, de Ami- 

citia, de Claris Oratonbus Dialogi. With Notes by W. Brownrigg Smith, 
M.A., F.R.G.S. 2s. 

16. Livy : History of Rome. Notes by H. Young and W. B. Smith, 

LI. A. Part I. Books t., ii., xs. Od. 
x6*. — — Part 2. Books iii., iv., v., is. Od. 

17. Part 3. Books xxi., xxii., is. 6J, 

19. Latin Verse Selections, from Catullus, Tibullus, Propertius, 

and Ovid. Notes by W. B. Donne, M.A., Trinity College?, Cambridge. 2S. 

20. Latin Prose Selections, from Varro, Columella, Vitruvius, 

Seneca, Quintilian, Florus, Velleius Paterculus, Valerius Maximus Sueto- 
nius, Apuleius, &c. Notes by W. B. Donne, M.A. 2s. 

21. Juvenalis Saliim. AA^ith Prolegomena and Notes by T. H. S. 

Escott, B.A., Lecturer on Logic .at King’s College, London. 2S. 

7 , STATIONERS* HALL COURT, LUDGATE HILL, E.C. 
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GREEK. 

14. Greek Grammar, in accordance with the Pynt^les and Philo- 
logical Researches of the most eminent Scholars (flPour oSi day. By Hans 
Claude Hamilton, is. 6d. . 

J 5 i* 7 * Greek I-exicon. Containing all the Words in General Use, with 
their Significations, Inflections, and Doubtful Quantities. By Henry R. 
Hamilton. Vol. z. Greck-English, as. ; Vol. 2 . English-Greck, as. Or the 
Two Vols. in One, 4f.. : cloth boards, 5s. 

14.15. Greek Lexicon (as above). Complete, with the Grammar, in 

17. One Vol., cloth boards, 6s. 


GREEK CLASSICS. With Explanatory Notes in English. 
Cireek Delectus. Containing Extracts ftom Classical Authors, 

with Genealogical Vocabularies and Explanatory Notes, by H. YounO. New 
Edition, with an improved and enlarged Supplementary Vocabulary, by John 
Hutchison, M.A., of the High School, Glasgow, is. 6d. 

2, 3. Xenophon’s Anabasis; or. The Retreat of the Ten Thousand. 

Notes and a Geographical Register, by H. Young. Part x. Books i. to iii., 
xs. Part 2. Books iv. to vii., is. 

4. Lucian’S Select Dialogues. The Text carefully revised, with 

Grammatical and Explanatory Notes, by H. Young, xs. 6d. 

5-12. Homer, The Works of. According to the Text of Baeumletn. 

With Notes, Critical and £x|/ 1 anatory, drawn from the best and latest 
Authorities, with Preliminary Observation and Appendices, by T. H. L. 
Leary, M.A., D.C.L. 

The Iliad : Part x. Books i. to vi., xs.6d. Part 3. Books xiii. to xviii., xs. 6d. 

.■'V ;t 2. BC'oks vii. to xii., is.6d. Part 4. Books xix. to xxiv., xs. 6cl. 

The Odyssey: Parti. Books i. to vi., is. 6d Part 3. Books xiii. to xviii., xs. 6d. 

Part 2. Books vii. to xii., xs. 6d. I Part 4. Books xix. to xxiv,, and 

I Hymns, 2s. 

13. Plato’s Dialogues: The Apology of Socrates, the Crito, and 
the Phredo. From the Text of C. F. Hermann. Edited with Notes, Critical 
and Explanatory, by the Rev. Jambs Davies, M.A. 2s. 

14- 1 7. Herodotus, The History of, chiefly alter the Text of Gaisford. 

With Preliminary Observations and Appendices, and Notes, Critical and 
Explanatorj', by T. H. L. Leary, M.A. , D.C.L. 

Part X. Books i., ii. (The Clio and Euterpe), zs. 

Part 2. Books iii., iv. (The Thalia and Melpomene), 2s. 

Part 3. Books v.-vii. (The Terpsichore, Erato, and Polymnia), 2S. 

Part 4. Books viii., ix. (The Urania and Calliope) and Index, xs. 6d. 
18. Sophocles: OCdipus Tyrannus. Notes by H. Young, is. 

20. Sophocles : Antigone. From the Text of Dindorf. Notes, 

Critical and Explanatory, by the Rev. John Milner, B.A. 2s. 

23. Euripides ; Hecuba and Medea. Chiefly from the Text of Din- 
dorf. With Notes, Critical and Explanatory, by W. Brownricg Smith, 
M.A., F.R.G.S. is.Od. , _ ^ 

26. Euripides: Alcestis. Chiefly from the Text of Dindorf. With 
Notes, Critical and Explanatoiy, by John Milner, B.A. is. 6d. 

30. ^schylus; Prometheus Vinctus : The Prometheus Bound. From 
the Text of Dindorf. Edited, with English Notes, Critical and Explanatory, 


by the Rev. James Davies, M.A. is. 

32. -/Eschylus; Septem Contra Thebes : The Seven against Thebes. 
From the Text of Dindorf. Edited, with English Notes, Critical and Ex- 
planatory, by the Rev. James Davies, M.A. xs. 

40. Aristophanes : Achamians. Chiefly from the Text of C. H 
^ * Weisb. With Notes, by C. S. T. Townsiiend, M.A. xs. 6d. 

41. Thucydides: History of the Peloponnesian War. Notes by H 

Young. Book 1. is. ■, t ^ 

42. Xenophon’S Panegyric on Agesilaus, Notes and Intro 

auction by Ll. F. W.Jhwitt. is. 6 d. . 

43. Demosthenes. The Oration on the Crown and the Philippics 

With English Notes. By Rev. T. H. L. Leary, D.C.L., formerly Scholar < 
Brasenose College, Oxford, is. 6d. 

CROSBY LOCKWOOD AND CO., 7 » STATIONERS* HALL COURT, £.( 
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ENGINEERING, SURVEYING, ETC. 


Humber's New Work on Water-SuJ>ply. 

A COMPREHENSIVE TREATISE on tTie \VA^«l-SUPPLY 
of CITllCS and TOWNS. P.y William IIumukr, A-M. Inst. 
C.E., and M. Inst. M.E. Illustrated with 50 Double Plates, 
I Single Plate, Coloured Frontispiece, and upwards of 250 Wood- 
cuts, and containing 400 pages of Text, Imp. 4to, 6/, 6s, elegantly 
and substantially half- bound in morocco. 

List of Conienfs : — 

I. Historical Sketch of some of the ; Machiner>-.— XII. Conduits. — XIII. Dis- 
nicnns llr.il have been adopted for the tribution of Water. — XIV. Meters, Scr- 
Suppl\ of Water to Cities aud Towns. — j vice l*h>cs, and House Fittings. — XV. The 
11. Water aud the Foreign Matter usuallj^ ' Law and Economy of Water Works.— 
as.sociated with it. — 111. Rainfall and ! XVI. Constant and Interinittent Supply. 
Evaporation. — 1\'. Springs and the water- 1 — XVTI. Description of Plates. — Appen- 
hearing fonnatioii.s of various districts. — j dices, giving Tables of Rates of Supply, 
V. Meu.snrcinent and Estimation of the j Velocilic.s, &c. &c., together with Speciii- 
Flow of Water. — VJ. C)n the Selection of ■ cations of several Wofks illustrated, among 
the Source of Sn]iply. — Vll. Wells. — , which will be found ;—Al)crdecn, Bideford, 
VIII Reservoirs. — IX. The Piirificatiou , Canterbury, Dundee, Halifax, Lambeth, 
of Water. — X. Pumps. — XI. 1‘umping Rotherham, Dublin, and otliers. 

The most systematic and valuable work upon w'uter supply hitherto produced in 
English, or in any other language .... Mr. Humber's work is characterised almost 
tliroughonl by an exhaustiveness much more distinctive of French and German than 
of English tccluiical Ueatises.” — lingincer. 

Humber’s Great Work on Bridge Constrtution, 

A COMPLETE and PRACTICAL TREATISE on CAST and 
■ WROUOIIT-IRON BRIDOE CONSTRUCTION, including 
Iron Foundations. In Three Parts — Theoretical, Practical, and 
Descriptive. By William IIumuer, A-M. Inst. C.E., and M. Inst 
M.E. Third Edition, with 115 Double Plates. In 2 vols. imp. 4to, 
61, 16s, 6if, half- bound in morocco. 

A book — and particularly a laigc and costly treatise like Mr. Humber's— which 
has reached its third edition may certainly be said to have established its owru 
reputation. ''—Engfucering. 
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2 WORKS IN ENGINEERING, SURVEYING, ETC., 

Humber's Modern Engirleering. , 

A RECORD of the PROGRESS of MODERN ENGINEER- 
ING. First Series. Comprising Civil, Mechanical, Marine, Hy- 
draulic, Railway, Bridge, and other Engineering Works, &c. By 
William Humber, A-M. Inst C.E., &c. Imp. 4to, with 
36 Double Plates, r drawn to a large scale, and Portrait of John 
Hawkshaw C.E.,;F.R.S., &c., and descriptive Letter-press, Speci- 
fications, &c. 3/. 3J. half morocco. 

List 0/ the Plates and Diagrams. 

Victoria Station and Roof, L. & S. plates) ; Bridge over the Tliames, Wc-st 
O R. ^ija’ates) ; Southport Pier (s^latc.s); London Exten.sion Railway (5 plates) ; Ar- 
Victona Station and Roof, L. C. & 1). and mour Plates : Suspension Bridge, Thaines 
CJ. W. R. (6 plates) ; Roof of Cremorne (4 plates) : The Allen Engine : Suspension 
Music Hall ; Bridge over G. N. Railway ; Bridge, Avon (3 plates) ; Underground 
Roof of Station, Dutch Rhcriish Bail (2 Railway (3 plates). 

“ Handsomely lithographed and printed. It will find favour with many who desire 
to preserve in a permanent form copies of the plans and specifications prepared for the 
guidance of the contractors for many important engineering works.” — Engineer, 

HUMBER’S RECORD OF MODERN ENGINEERING. Second 
Series. Imp. 4to, with 36 Double Plates, Portrait of Robert Ste- 
phenson, C.E., &c., and deocriptive Letterpress, Specifications, 
&c. 3/. 3J. half morocco. 

List of the Plates and Diagrams. 

Birkenhead Dock.s, Low Water Basin Viaduct, Merthyr, Tredegar, and Aberga- 
fi5 I)Iale.s) ; CVATtug CrosS Station Roof, venny Railway; College Wood Viaduct, 
C. C. Railway (3 plates) ; Digswcll Via- Cornwall Railway ; Dublin Winter Palace 
duct, G. N. Railway; Robbery Wood Roof (3 plates) ; Bridge over the Thames, 
Viaduct, G. N. Railway ; Iron Permanent L. C. and D. Railway (6 plates) ; Albert 
Way : Clydach Viaduct, Merth3T, I re- Harbour, Greenock (4 plates), 
degar, and Aliorgavenny Railway ; Ebbw 

HUMBER’S RECORD OF MODERN ENGINEERING. Third 
Series, Imp. 4to, with 40 Double Plates, Portrait of J. R. M^Clean, 
Esq., late Pres. Inst. C.E, and descriptive Letterpress, Specifica- 
tions, &c. 3/. 3J. half morocco. 

J.isi of the Plates and Diagrams. 

Main Drainage, Metropolis. — Branch (2 plates) ; Outfall Sewer, Rescr- 
North Side. — Map showing Interception voir and Outlet (4 plates) ; Outfall Sewer, 
of Sewers ; Middle Level Sewer (2 plates'; Filth Hoi.st; Sections of Sewers (North 
Outfall Sewer, Bridge over River I.ea(3 and South Sides). 

plates): Outfall Sewer, Bridge over Marsh Thames Kmpankment. — Section of 
l.nne. North Woolwich Railway, .and Bow River Wall ; Steamboat Pier, Westminster 
and Barking Railway Junction; Outfall (2 plates); l.anding Stairs between Cha- 
Sewer, Bridge over Bow and Barking ring Cro.ss and Waterloo Bridges ; York 
Railway (3 plates); Outfall Sewer, Bridge Gate (2 plates) ; Overflow and Outlet at 
over East Jiondon Waterworks’ Feeder Savoy Street Sewer (3 plates) ; Steamboat 
(2 plates); Outfall Sewer, Re.servoir (a Pier, Waterloo Bridge (3 plates); Junc- 
plates): Outfall Sewer, 'J'umbliug Bay tioiiofScwers,Plans and Sections ; Gullies, 
and Outlet; Outfall Sewer, Penstocks. Plans and Sections ; Rolling Stock ; Gra- 
South Side.— Outfall Sewer, Bermondsey nite and Iron Forts. 

HUMBER’S RECORD OF MODERN ENGINEERING. Fourth 
Series. Imp, 4to, with 36 Double Plates, Portrait of John Fowler, 
Esq., late Pres. Inst. C.E., and descriptive Letterpress, Specifica- 
tions, &c. 3/. 3J. half morocco. 

List of the Plates and Diagtwiis. 

Abbey Mills Pumping Station, Main potamia ; Viaduct over the River Wye, 
Drainage, Metropolis (4 plates) ; Barrow Midland Railway (3 plates); St. German’s 
Docks (5 plates); Manqins Viaduct, San- Viaduct, Cornwall ‘Railway (2 plates); 
liago and ValparUlso Railway (a plates); Wrought-lron Cylinder for Diving Bell ; 
Ad.'ini’s Locomotive, St. Helen’s Canal Millwall Docks (6 plates] ; Milroy’s Patent 
Railway (2 plates) ; Cannon Street Station E-xcavatnr, Metropolitan District Railway 
Roof, Charing Cross Railway (3 plates) ; (6 plates) ; Harbours, Ports, and Break- 
Road Bridge over the River Moka (2 waters (3 plates), 
plates) ; Telegraphic Apparatus for Meso- 
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Strains, F.'^MuUe & Diagrams for Calculation of. 

A HANDY BOOK for the CALCULATION of STRAINS 
in GIRDERS and SIMILAR STRUCTURES, and their 
STRENGTH ; consisting of Formulae and Corresponding Diagrams, 
with numerous Details for Practical Application, &c. By William 
Humber, A*M. Inst C.E., &c. Third Edition. With nearly 
100 Woodcuts and 3 Plates, Crown 8vo, 7 j. cloth. 

'*The arrangement of the matter in this little volume is as convenient as it well 
could be. . . . The system of employing diagrams as a substitute for complex 

computations is one justly^coming into ^eat favour, and in that respect Mr. Humber's 
volume is fully up to the Engineering. ~ ~ * 

'*The formula: are neatly expressed, and the diagrams go(A,”^^Atkefueum, 

Strains. 

THE STRAINS ON STRUCTURES OF IRONWOEK ; 
with Practical Remarks on Iron Construction. By F. W. Sueilds, 
M. Inst. C.E. Second Edition, with 5 Plates. Royal 8vo, Ss. cloth. 

“The student cannot find a better little book on this subject than that written by 
Mr. Sheilds.” — Euginccr. 

Barlow on the Strength of Materials, enlarged, 

A TREATISE ON THE STRENGTH OF MATERIALS, 
with Rules for application in Architecture, the Construction of 
Suspension Bridges, Railways, &c. ; and i an Ai'/t.: .dix on the 
Power of Locomotive Engines, and the effect of Inclined Planes 
and Gradients. By Peter Barlow, F.R.S. A New Edition, 
revised by his Sons, P. W. Barlow, F.R.S., and W. H. Barlow, 
F.R.S. The whole arranged and edited by W. Humber, A»M. 
Inst. C.E. 8vo, 400 pp., with 19 large Plates, iSr. cloth. 

“The best book on the subject which has yet appc.nred We know of 

no work that so completely fulfils its mission ." — English Mechanic, 

** The standard treatise upon tliis particular subject." — Engineer, 

Strength of Cast Iron, &c. 

A PRACTICAL ESSAY on the STRENGTH of CAST IRON 
and OTHER METALS. By Thomas Tredgold, C.E. Fifth 
Edition. To which are added, Experimental Researches on the 
Strength and other Properties of Cast Iron, by E. Hodgkinson, 
F.R,S. With 9 Engravings and numerous Woodcuts. 8vo, 12s. 
cloth. IIodgkinson’s Researches, separate, price 6s, 

Hydraulics. 

HYDRAULIC TABLES, CO-EFFICIENTS, and FORMULA 
for finding the Discharge of Water from Orifices, Notches, Weirs, 
Pipes, and levers. With New Formuloe, Tables, and General 
Information on Rain-fall, Catchment-Basins, Drainage, Sewerage, 
Water Supply for Towns and Mill I’ower. By John Neville, 
Civil Engineer, M.R. LA, Third Edition, carefully revised, with 
considerable Additions. Numerous Illustrations. Cr. Svo, I4f. cloth. 

“ Undoubtedly an exceedingly useful and elaborate compilation.” — Iron. 

“ Alike valuable to students and engineers in practice.” — Mining youmal. 

River Engineering. 

RIVER BARS : Notes on the Causes of their I'oiiiiation, and on 
their Trealmettt by Induced Tidal Scour, with a Description of the 
Successful Reduction by this Method of the Bar at Dublin. By 
I. J. Mann, Assistant Engineer to the Dublin Port and Docks 
Board. With Illustrations. Demy Svo. \ln the press. 
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Levelling. 

A TREATISE on the PRINCIPLES and PRACTICE of 
LEVELLING ; showing its Application to Purposes of Railway 
and Civil Engineering, in the Construction of Roads ; with Mr. 
Telford’s Rules for the same. By Frederick W. Simms, 
F.G.S., M. Inst.%]J.E. Sixth Edition, very carefully revised, with 
the addition of Mr. I.aw’s Practical Examples for Setting out 
Railway Curves, and Mr. Trautwine’s Field Practice of Laying 
out Circular Curves. With 7 Plates and numerous Woodcuts. 8vo, 
« 6//. cloth. • *** Trautwine on Curves, separate, 5j. 

** The text-book on levelling in most of our engineering schools and colleges.”— 
Engineer. 

Practical Tnnnejlin^. 

PRACTICAL TUNNELLING: Explaining in detail the Setting 
out of the Works, Shaft-sinking and Heading-Driving, Ranging 
the Lines and Levelling under Ground, Sub-Excavating, Timbering, 
and the Construction of the Brickwork of Tunnels with the amount 
of labour required for, and t^ie Cost of, the various portions of the 
work. By F. W. Simms, M. Inst. C.^2. Third Edition, Revised 
and Extended. By D. Kinnear Clark, M.I. C.E. Imp. 8vo, 
with 2J JFoldingPlates and numerous Wood Engravings, 30J. cloth. 
“ It has beeffregardcafrom the first as a text-book of the subject. . . . Mr. Clark 
has added imincn.scly to the value of th? book.” — Engiurer, 

Steam. 

STEAM AND THE STEAM ENGINE, Stationary and Port- 
able. Being an Extension of Sewell’s Treatise on Steam. By D. 
Kinnear Clark, M.I. C.E. Second Edition. i2mo, 4J. cloth. 

Civil and Hydranlic EnginccrtTii^. 

civil. ENGINEERING (THE RUDIMENTS OF). I’.y 
JIknry Law, M. Inst. C.E. Including a Treatise on Hydraulic 
Engineering, by GKORtir. K. Burnell, M.I. C.E. Sixth Edition, 
Revi.sed, with large additions on Recent Practice in Civil Engineer- 
ing, by D. Kinnear Clark, M. Inst. C.E. [/// the press. 

Gas-L ightin^, 

COMMON SENSE FOR GAS-USERS: a Catechism of Gas- 
Lighting for Hoii.scliolders, Gasfitters, Millowner.s, Architects, 
Engineers, 5:c. By R. Wilson, C.E. 2nd Edition. Cr. 8vo, zs. 6d, 

Bridge Constructiofi in Masonry ^ Timber^ & Iron. 
EXAMPLES OF BRIDGE AND VIADUCT CONSTRUC- 
TION OF MASONRY, TIMBER, AND IRON ; consisting of 
46 Plates from the Contract Drawings or Admeasurement of select 
Works. By W. Davis IIaskoll, C.E. Second Edition, with 
the addition of 554 Estimates, and the Practice of Setting out Works, 
with 6 pages of Diagrams. Imp. 4to, 2/. 12J. (sd. half-morocco. 

“A work of the present nature by a man of Mr. Haskoll's experience, must prove 
invaluable. The tables of estimates considerably enhance its value.” — Engineering 

Earthwork. 

EARTHWORK TABLES, showing the Contents in Cubic Yards 
of Embankments, Cuttings, &c., of Heights or Depths up to an 
average of 80 feet. By Joseph Broadbent, C. E., and Francis 
Campin, C.E, Cr. 8vo, oblong, 5j. cloth. 
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Tramways it^id their Wo7'king, 

TRAMWAYS: their CONSTRUCTION and WORKING. 
Containing a Comprehensive History of the System ; an exhaus- 
tive Analysis of the Various Modes of Traction, including Horse 
Power, Steam, Heated Water, and Compressed Air; a Description 
of the varieties of Rolling Stock ; and ample Details of Cost and 
Working Expenses, with Sj^ecial Reference to the Tramways of the 
United Kingdom. By D. Kin NEAR Clark, M. I. C. E., Author 
of ‘ Railway ^ 5 ^lchinery,* &c., inontBvol. 8vo, with numqj:oi45 Illus- 
trations and thirteen folding I'lates, i8j. cloth. 

All interested in tramways must refer to it, as all railway engineers have turned 
to the author’s work ‘ Railway Machinery.**’ — TJm: Engineer. 

“ Mr. Clark’s book is indispensable for the studci^s of the subject.”— T’/it* Builder. 

Pioneer Engineering. 

riONEER ENGINEERING. A Treatise on the Engineering 
Operations connected with the Settlement of Waste Lands in New 
Countries. By Edward Dorson, A.I.C.E. With Plates and 
Wood Engraving.s. Revised Kdition. i2mo, 5 j. cloth. • 

“ A workmanlike produotioii, and one without possession of which no man should 
start to encounter the dutic-s of a pioneer engineer.”- . ithciueuin. 

‘‘There is much in the book to render it very n.scful an proceeding to 

the colonics. - Engineer. * ‘ 

Steam Engine, 

TEX'r-BOOK ON THE STEAM ENGINE. By T. M. 
Goodeve, M. A., Barrlster-at-Law, Author of “ The Principles 
of Mechanics,” “The Elements of Mechanism,” &c. Third 
Edition. With numerous Illustrations. Crown 8vo, 6^. cloth, 
“Professor (Joodeve has given us a treati.se on the stc.am engine, wliich will l)car 
comparison with anything written by Huxley or hlaxwcll, and \vc can award it no 
higher praise.” — Engineer. 

“ Mr. Goodeve’s text-book is a work of wliich every young engineer .sliould pos- 
sess himself.”— ’Journal, 

Steam. 

THE .SAFE USE OF STEAM : containing Rules for Unpro- 
fessional Steam Users. By an Engineer. 4th Edition. Sewed, 6f/. 
If steam-users would but learn this little hook by heart, boiler explosions would 
become sensations by their rarity.”— Mechafiic, 

lVo7^ks of Constriction, 

MATERIALS AND CONSTRUCTION: a Theoretical and 
IVactical 'rreatisc on the Slrain.s, Designing, and Ercclioii of 
Works of Construction. By Era.ncis Camimn, C.K., Author of 
“ A Practical Treatise on Mechanical Pmgineering ; ” “ The Prin- 
ciples and Construction of Machinery,” &c. With Numerous 
Illustrations. i2mo, 3J. 61/. cloth hoards. [ytisl puhlishcd. 

Iron Bridges, Girders, Roofs, &c. 

A TREATISE ON THE APPLICATION OF IRON 
TO THE CONSTRUCTION OF BRIDGES, GIRDERS, 
ROOFS, AND OTHER WORKS. By Francis^Camiun, C.E. 
Second Edition, Revised and Corrected. i2mo, 3.L cloth. 

Construction of Iron Beams, Pillars, &c. 

IRON AND HEAT ; exhibiting the Principles concerned in the 
construction of Iron Beams, Pillars, and Bridge Girders, and the 
Action of Heat in the Smelting Furnace. By J. Armour, C. E, 3.r. 



THE CONSTRUCriON OF GASWORKS AND THE 
MANUFACTURE AND DISTRIBUTION OF COAL-GAS. 
Originally written by Samuei. Hughes, C.E. Sixth Edition. 
Rc-writtcn and much Enlargpd, by WiLi.i.\M Richards, C.E. 
With 72 Woodcuts. i2mo, 5^. cloth Ipoards. \ytt5t published, 

IVaterworks for Cities and Towns. 

■WATi?«'\70I<I«3 for the SUPPLY of CITIES and TOWNS, 
with a Description of the Principal Geological Formations of Eng- 
land as influencing Supplies of Water. By S. Hughes. 4^. 6^/. doth. 

Locomotive- Engine Driving. 

LOCOMOTIVE-ENGINE DRIVING ; a Practical Manual for 
Engineers in charge of l^oconiotive Engines. By Michael 
Reynolds, M. S.E., formerly Locomotive Inspector L. B. and 
S. C. R. I’^ourlh Edition, greatly enlarged. Comprising A 
KEY 'I'O ^'HE 1 . 0 C 0 M 0 TIVE ENGINE. With lUustra- 
tions and I’ortrait of Author. Crown Svo, 4s. 6d. cloth. 

“Mr. Reynolds deserves the title of the engine driver’s friend.” — Railway News. 

“ Mr. Reynolds has supplied a want, and has supplied it w'cll. Wc can confidently 
recommend the book not only to the practical driver, hut to every one who takes an 
interest iu the perforiuance of locomotive engines.” — Engineer. 

Dhe Engineer, Eii^eman, and Engine-Boy. 

THE MODEL LOCOMOTIVE ENGINEER, FIREMAN, 
AND ENGINE-BOY : comprising a Historical Notice of the 
Pioneer Locomotive Pmgines and their Inventors, with a project 
for the establishment of Certificates of Qualification in the Running 
Service of Railways. By Michael Reynolds, Author of 
“ Loctmiotivc-Engiiic Driving,” Crown Svo, 4J. (>d. cloth. 

“ From the tcchnic.il knowledge of the author it will appeal to the railway man of 
to-day more forcibly than anything written by Dr. Smiles.” — English Mechanic. 

Stationary Engine Drwing. 

STATIONARY ENGINE DRIVING. A Practical Manual fo 
Engineers in Charge of Stationary Engines. By Michael Rey- 
nolds (“ The Engine-Driver s Friend”), Author of “Locomo 
live Engrie Driving,” &c. \Vith Plates and Woodcuts, and Stce! 
Portraitof James Watt. Crown Svo, 4J. 6<4 cloth, [yust published. 

Engine- Driving Life. - 

' *ENG 1 NE-DRIVING LIFE ; or Stirring Adventures and Inci 

Ti'virri'n*.. nri'vArc Rv MlCHAVl 
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Fire En^ttt^ng. 

FIRES, FIRE-ENGINES, AND FIRE BRIGADES. WiA 
a History of Fire-En^nes, their Construction, Use, and Manage- 
ment ; Remarks on Fire-Proof Buildings, and the Preservation of 
Life from Fire ; Statistics of the Fire* Appliances in English 
Towns ; Foreign Fire Systems ; Hints on Fire Brigades, &c., &c. 
By Charles F. T. Young, C.E. With numerous Illustrations, 
handsomely printed, 544 pp., demy 8vo, i/. cloth. 

'* We can most heartily^mmend thi.s book.’* — Rn^ifteering. m 

“Mr. Young’s book on ‘Fire Engines and Fire Brigades* contains a mass of 
ii .rmation, which has been collected from a variety of sources. The subject is so 
intensely interesting and useful that it demands consideration.”— 

Trigonometrical Surv^ing. • 

AN OUTLINE OF THE METPIOD OF CONDUCTING A 
TRIGONOMETRICAL SURVEY, for the Formation of Geo- 
graphical and Topographical Maps and Plans, Military Recon- 
naissance, Levelling, &c., with the most useful Problems in Geodesy , 
and Practical Astronogjy. By IHeut.-Gen. Frome, R.E., late In- 
spector-General of Fortifications. Fourth Edition, Enlarged, and 
partly Re-written. By Captain Charles Warri^, R.E, With 
19 Plates and 115 Woodcuts, royal Svo, i6i? cloth. 

Tables of Curves. 

TABLES OF TANGENTIAL ANGLES and MULTIPLES 
for setting out Curves from 5 to 200 Radius. By Alexander 
Beazeley, M. Inst. C.E. Second Edition. Printed on 48 Cards, 
and sold in a doth box, waistcoat-pocket size, 3^. (>d, 

“ Each table is printed on a small card, which, being placed on the theodolite, leaves 
the hands free to manipulate the instrument— no small advantage as regards the rapidity 
of work.” — Engineer. 

“ Very handy ; a man may know that all his day’s work must fall on two of these 
cards, which he puts into his own card-case, and leaves the rest behind.” — 
A theneeum. 

Engineering Fieldwork. 

THE PRACTICE OF ENGINEERING FIELDWORK, 
applied to Land and Hydraulic, Hydrographic, and Submarine 
Surveying and Levelling. Second Edition, revised, with consider- 
able additions, and a Supplement on WATERWORKS, SEWERS, 
SEWAGE, and IRRIGATION. By W. Davis Haskoll, C.E. 
Numerous folding Plates. In One Volume, demy 8vo, i/. 5J., 
cloth boards. 

Large Tunnel Shafts. 

THE CONSTRUCTION OF LARGE TUNNEL SHAFTS. 
A Practical and Theoretical Essay. By J. H. Watson Buck, 
M. Inst. C.E., Resident Engineer, London and North-Western 
Railway. Illustrated with Folding Plates. Royal Svo, I2f. 
cloth. published, 

“ Many of the mcthod.s given are of extreme practical value to th&mason, and the 
observations on the form of arch, the rules for ordering the stone, anti the construc- 
tion the templates, will be found of considerable use. We commend the book to 
the engineering profession, and to all who have to build similar shafts.” — Building 
Nejvs. 

“ Will be reg.irded by civil engineers as of the utmost value, and calculated to save 
much time and obviate many mistakes.*’— Guardian. 
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Sunrv Praciicc. % * ^ 

Alf) TO SrK\ KV rKACTICE: for Reference in Surveyintr 
Levelling, Setting-oul aiul in Route Surveys of Travellers by Land 
an^l Sea. Willi Tables, Illustrations, and Records. By Lovvis 
1 )’A. ] .\CKSv)N, A-M. I. C’. K. Author of “Hydraulic Manual and 
Siaii.^iics,'’ “ Canal and Culvert Tables,” &c. Large crown, 8vo 
I2.r. 6//., cloth. published, 

jack.M)!! has procliiccd a valuable vadc-mcctsm for the surveyor. We can 
rccomnicni] this book as containing an admirable supplement to the teaching of the 
aAoiH^lIi^cd surveyor.” — Aihetdkuu. •" 

A general text book was wanted, and we arc able to speak with confidence of 
Mr. Jack.son’s treatise. . . . ^^'c cannot recommend to the student who knows 

.something of the mathematical princii>lcs of the .subject a better course than to fortify 
Ills practice in the field under a competent survej'or witli a study of Mr. Jackson^ 
useful manual. 'J’he field records illustrate every kind of survey, and will be found 
an essential aid to the student .” — Btiiltiing News. 

” The author brings to his work a foriiinate union of theory and practical expe- 
rience wliich, aided by a clear and lucid .style of writing, renders the book both a very 
useful one and very agreeable to read.”— 

Sanitary Work. 

SANITARY WORK IN THE SMVLLER TOWNS AND 
IN VILLAGES. Comprising : — i. Some of the more Common 
borirascf^’ Nuisar.ee and their Remedies ; 2. Drainage ; 3. Water 
Supply. By Chas. Slagg, Assoc. Inst. C.E. Crown 8vo, 3J. cloth. 
*‘A very useful book, and may be .s.afely recommended. The author has had 
practical experience in the works of which he treats.”— 

Locomotives. 

LOCOiMOTIVE ENGINES, A Rudimentary Treatise on. Com. 
prising an Historicai Sketch and Description of the Locomotive 
Engine. By G. D. Dempsey, C.E. With large additions treat- 
ing of the Modern Locomotive, by D. Kinnear Clark, C.E., 
M.r.C.E., Author of “Tramways, their Construction and Working,” 
&c., &c. With numerous Illustrations. i2mo. 3^. 6t/. cloth boards. 

“ I’he student cannot fail to profit largely by adopting this as his preliminary text- 
book .” — Iron ami Coal Trades Kcine^o. 

” Seems a model of what an elementary technical book should be.” — Academy. 

Fuels and their Economy. 

FUEL, its Combustion and Economy ; consisting of an Abridg- 
ment of “A Treatise on the Combustion of Coal and the Prevention 
of Smoke.” By C. W. Williams, A. I. C.E. With extensive 
additions on Recent Practice in the Combustion and Economy of 
Fuel — Coal, Coke, Wood, Peat, Petroleum, &c. ; by D. Kin- 
near Clark, C.E., M.I.C.E. Second Edition, revised. With 
numerous Illustrations. i2mo. 4 j. cloth boards. \Just published. 
Students should bny the book and read it, as one of the most complete and satis- 
factory treatises on the combustion and economy of fuel to be YoA.*'— Engineer, 

Roads and Streets. 

THE CONSTRUCTION OF ROADS AND STREETS. lu 
Two Parts. I. The Art of Constructing Common Roads. By 
PIknry^jIvAW, C.E. Revised and Condensed by D. Kinneai 
Clark, C.E.—II. Recent Practice in the Construction of Road! 
.and Streets ; including Pavements of Stone, Wood, and Asphalte, 
By D. Kinnear Clark, C.E., M.I.C.E. Second Edition 
revised. i2mo, Ss. cloth. 

A book which every borough surveyor and engineer must posse&s, and which wil 
' ‘ hiiilders. and property owners gencially.**- 
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Sewing M<ipl^ine {llie). 

SEWING MACHINERY ; being a Practical Manual of the 
Sewing Machine, comprising its History and Details of its Con- 
struction, with full Technical Directions for the Adjusting of Sew- 
ing Machines. I3y J. W. UkquiiaR'I’, Author of “Electro 
Plating ; a Practical Manual ; ” “ Electric Light : its Production 
and Use.” With Numerous Illustrations. i2mo, 7 s, td. cloth 
^ boards. \Just ptddished, 

Field-Book f(y^ Engineers. 

THE ENGINEER’S, MINING PURVEYOR’S, aUdTON- 
TRACTOR’S FIELD-BOOK. By W. Davis Haskoli, C.E. 
Consisting of a Series of Tables, with Rules, Explanations of 
Systems, and Use of Theodolite for Tranerse Surveying and Plotting 
the Work with minute accuracy by means of Straight Edge and Set 
Square only ; Levelling ivith the Theodolite, Casting out and Re- 
ducing Levels to Datum, and Plotting Sections in the ordinary 
manner; Setting out Curves with the Theodolite by Tangential 
Angles and MiStiples with Ri§lit and Left-hand Readings of tho^ 
Instrument ; Setting ^t Curves without Theodolite on the System 
of Tangential Angles by Sets of Tangents and Offsets ; and Earth- 
work Tables to 8o feet deep, calculated for^veiy in depth. 

With numerous woodcuts. 4th Edition, enlarged. Cr. 8vo. I2J. cloth. 
“The book is very handy, and the author might have added that the separate tables 
of sines and tangents to every minute will make it useful for many otlier purposes, the 
genuine traverse tables existmg all tlie same.” — At/iefueurn, 

“Cannot fail, from its portability and utility, to be extensively patronised by the 
engineering profession.”— Journal, 

Earthwork, Measurement and Calculation of. 

A MANUAL on EARTHWORK. By Alex. J. S. Graham, 
C.E., Resident Engineer, Forest of Dean Central Railway. With 
numerous Diagrams. i8mo, 2s, 6d, clotlu 

** As a really liandy book for reference, we know of no work equal to it ; and the 
railway engineers and others employed in the measurement and calculation of eartli- 
work will mid a great amount of practical information very admirably arranged, and 
available for general or rough estimates, as well as for tlie more exact calculations 
required in the engineers’ contractor’s offices.” — Artizan, 

Drawing for Engineers, &c. 

THE WORKMAN’S MANUAL OF ENGINEERING 
DRAWING. By John Maxton, Instructor in Engineering 
Drawing, Royal Naval College, Greenwich, formerly ofR. S. N. A., 
South Kensington. Fourth Edition, carefully revised. With upwards 
of 300 Plates and Diagrams. i2mo, cloth, strongly bound, 4^. 

“ A copy of it should be kept for reference in eve^ drawing office.” — Engineering, 

** Indispensable for teachers of engineering •“’Mechanics' Magazine, 

Wealds Dictionary of Terms. 

A DICTIONARY of TERMS used in ARCHITECTURE, 
BUILDING, ENGINEERING, MINING, METALLURGY, 
ARCHAEOLOGY, the FINE ARTS, &c. By John Weale. 
Fifth Edition, revised by Robert Hunt, F.R.S., Keeper of Mining 
Records, Editor of “ Ure’s Dictionary of Arts.” liino, 6t, cL bds. 

“ The best small technological dictionary' in the language.” — Architect. 

“The absolute accuracy of a work of this character can only be judged of after 
extensive consultation, and from our examination it appears very correct and very 
complete.” — Mining Journal, 
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MINING, M ETALL URGY, 

Metalliferous Minerals and Mining. 

A TREATISE ON METALLIFEROUS MINERALS AND 
MINING. D.^C. Daviks, F.G.S., aullior of A Treatise on 
Slate and Slate Quarrying.’^ With numerous wood engravings. 
Second Edition, revised. Cr. Svo. I2s. (id. cloth. Vjfust published, 

Williout queslion, tliu inosl exhaustive and the most practically useml work we 
have seen : the amount of information given is enormous, and it js given concisely 
and,.ii\|fllig,ibly.’' — Mining Jouri^tL * 

** The vdumc is one which no student of mineralogy should be without ” — Colliny 
Guardian, 

“ Tlie author has gathered tqjcther from all available sources a vast amount t'f 
really useful information. As a history of the present slate of mining throughout 
the worlil this book has a real vtiluc, and it sup])hcs an actiud want, for no such infor- 
mation has hitherto been brought together within such limited space.” — Athcnanim. 

Slate and Slate Quarrying. 

A TREATISE ON SLATE AND SLATE QUARRYING, 
Scientific, Practical, and Comyiercial. 15y D. C. Davies, F.G.S., 
Milling Engineer, &c. With numerouP/ Illustrations and Folding 
Plates. Second Edition, carefully revised. i2mo, ^s. 6d, cloth boards. 
*'Mr. Davies has written auscfid and practical hand-book, on .an important industry’, 
with all the Wns and ♦details t)f which he appears familiar.” — Engineering. 

“The work is illustrated by actu.al irracticc, and is unusually thorough and lucid. 

. . . Mr. I'Javic.s has completed his work with industry and skill.” — Eniidcr. 

Metallurgy of Iron. 

A TRKATISE ON THE METALLURGY OF IRON : con- 
laining Outlines of the History of Iron Manufacture, Methods of 
Assay, and Analyses of Iron Ores, Processes of Manufacture of 
Iron and Steel, &c. By H. Bauerman, F.G.S., Associate of the 
Royal School of Mines. With numerous Illustrations. Fourth 
Edition, revised and much enlarged. l2mo, cloth boards, 5 ^* 

** Has the merit of brevity and conciseness, as to less important points, while all 
material matters are very fully and thoroughly entered into.—Sfandard. 

Manical of Mining Tools, 

MINING TOOLS. For .the use of Mine Managers, Agents, 
Mining Students, &c. By Wjixiam Morgans, Lecturer on Prac- 
tical Mining at the Bristol School of Mines. Volume of Text. 
l2mo, 3^. With an Atlas of Plates, containing 235 Illustrations. 
4to, Os. Together, gs. cloth boards. 

“ Students in the Science of Mining, and Overmen, Captain.s, M.anager^ and 
Viewers may gain practic.'U knowledge and useful hmts by the study of Mr. 
Morgans’ Manii^.” — Colliery Guardian. 

Mining, Surveying and Valuing. 

THE MINERAL SURVEYOR AND VALUER’S COM- 
PLETE GUIDE, comprising a Treatise on Improved Mining 
Surveying, with new Traverse Tables ; and Descriptions of Im- 
proved Instruments ; also an Exposition of the Correct Princ^les 
of Laying out and Valuing Home and Foreign Iron and Coal 
Mineral IJroperties. By William Lintern, Mining and Civil 
Engineer. With four Plates of Diagrams, Plans, &c., i2mo, cloth. 
** Contains much valuable information given in a small compass, and which, as far 
as we have tested it, is thoroughly trustworthy.”— /rw and Coal Trades Review, 

The above, bound with Thoman’s Tables. (See page 20.) 
Price 7 j. 6</. cloth. 
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Coal and»Qoal Mir&ng. 

COAL AND COAL MINING : a Rudimentary Treatise on. By 
Wakington W. Smyth, M.A., F.R.S., &c., Chief Inspector 
of the Mines of the Crown. Fifth edition, revised and corrected. 
i2mo, with numerous lUustations, 4s. cloth boards. 

** Every portion of the volume appears to have been prepared with much care, and 
as an outline is given of every known coal-field in this and other countries, as well as 
of the two principal methods of working, the book will doubtless interest a very 
large number of readers.” — Mining Jourtial. 

Undergroimd ^Pumping Jfgckinory. 

MINK DRAINAGE; being a Complete and PracticaT Treatise 
on Direct- Aclinj' Underground Steam Pumping Machinery, with 
a Description of a large number of the«best known Engines, their 
General Utility and the Special Sphcr^of their Action, the Mode 
of their Application, and their merits compared with other forms 
of Pumping Machinery. By Stephen Micheli., Joint- Author of 
“ The Cornish System of Mine Drainage.” 8vo. [JVfarfy i-eady. 

NAVAL ARCHITECTURE, NAVIGATION, ETC.' 

Pocket Book for Naval A rchitccts& Shipbuilder's, 

THE NAVAL ARCHITECTS AND SHIPBUIT.DER’S 
POCKET BOOK OF FORMUL/E, RULES, AND TABLES 
AND MARINE ENGINEER’S AND SURVEYOR’S HANDY 
BOOK OF REFERENCE. By Ci.emknt Mackrow, Naval 
Draughtsman, Associate of the Jngtitution of Naval Architects. 
With numerous Diagrams, &c. Fcap., strongly bound in leather, 
with clastic strap for jmeket, I2j. 6</. 

“ Should be used by all who arc engaged iu the con.‘;truclion or design of vasscls.” 
— Engineer. 

“There i.s scarcely a subject on which a naval architect or shipbulhler can require 
to refresh his memory w’hich will not be found within the covers of Mr. Mackrow’s 
book.” — English Mechanic. 

“ Mr. Mackrow has comprcs.sed an extraordinary amount of information into this 
useful volume .” — A thememn. 

Grantham’s Iron Ship-Building. 

ON IRON SHIP-BUILDING; with Practical Examples and 
Details. Fifth Edition. Imp. 4to, boards, enlarged from 24 to 40 
Plates (21 quite new), including the latest Examples. Together 
with separate Text, also considerably enlarged, i2mo, cloth limp. 
By John Grantham, M. Inst. C.E., &c. 2/. 2s, complete. 

“ Mr. Grantham’s work is of great interest. It will, we are confident, command aa 
extensive circulation among shipbuilders in general. By order of the Board of Admi- 
ralty, the work will form the text-l>ook on which the exainination in iron ship-building 
of candidates for promotion in the dockyards will be mainly based.” — Engineering, 

Pocket-Book for Marine Engineers. 

A POCKET-BOOK OF USEFUL TABLES AND FOR- 
MULA FOR MARINE ENGINEERS. By Fr*nk Proctor, 
A.I.N.A. Second Edition, revised and enlarged. Royal 32mo, 
leather, gilt edges, with strap, 4J. 

“A most useful companion to all marine engineers."— Service Geuutie, 

** Scarcely anything required by a naval engineer appears to have been for- 
gotten.”— /fv«. 
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Light-Houses. ' v, «» ♦ 

EUROPEAN LIGHT-HOUSE SYSTEMS ; being a Report ol 
a Tour of Inspection made in 1873. By Major George H. 
Elliot, Corps of Engineers, U.S.A. Illustrated by 51 En- 
gravings and 31 Woodcuts in the Text. 8vo, 2IJ. cloth. 

Surveying (Land and Marine). 

LAND AND MARINE SURVEYING, in Reference to the 
Preparation of Plans for Roads and Railways, Canals, Rivers, 
*!^gwnp* Water Supplies, ^^ocks and Harboun ; with Description 
and use of Surveying Instruments. By W. Davis Haskoll, C.E. 
With 14 folding Plates, and numerous Woodcuts. 8vo, 12s. 6 d. cloth. 
** A most useful and well arrai*;ed book for the aid of a student** — Builder. 

“ Of the utmost practical utihty. aud may be safely recommended to all students 
who aspire to become clean and expert surveyors .*’ — Alining Journal. 

Storms. 

STORMS : their Nature, Classification, and Laws, with the 
Means of Predicting them by their Embodiments, the Clouds. 
By William Blasius. Crou^u 8vo, lo^f. 6 d. cloth boards. 

Rndwicntary Navigation. 

'J IIE nXlR’S fITCA-BOOK; a Rudimentary Treatise on Navi- 
gation. By Jamks (Ireknwooi), B.A. New and enlarged edition. 
By W. H. Rosskr. i2mo, 3^. cloth boards. 

Mathematical and Nautical Tables. 

MATIIEINI ATICAL TABLES, for Trigonometrical, Astronomical, 
and Nautical Calculations ; to which is prefixed a Treatise on 
Logarithms. By Henry Law, C.E. Together with a Series of 
"J'ables for Navigation and Nautical Astronomy. By J. R. 
Younc^, formerly Professor of Mathematics in Belfast College. 
New Edition. 121110, 4.^. cloth boards. 

Naviooiiou {Practical'), with Tables. 

PRACTICAL NAVIGATION : consisting of the Sailor’s Sea- 
B()t)k, by James Greenwood and W. H. Rosser ; together 
willi the requisite Mathematical and Nautical Tables for the Work- 
ing of the Problems. By Henry Law, C.E., and Professor 
J. R. \’oiiNG. Illustrated with mmicrons Wood Engravings and 
Cuhunetl Plates. i2mo, 7.V. strongly half bound in leather. 


WHALE'S RUDIMENTARY SERIES. 

y'Jti’ fid lon'i/t^ books in Naval Architecture^ cte.^ are published in ike 
abiwc scries. 

MASTING, MAST-MAKING, AND RIGGING OF SHIPS. By 
Rouer'I' KirriNG, N. A. Fourteenth Edition. i2mo, 2s. 6d. cloth. 
SAILS ANT) SAIL-MAKING. Tenth Edition, enlarged. By Robert 
K irriNG, ^^A. Illustrated. i2mo, 3 j. cloth boards. 

NAVAL ARCHITECTURE. By James Peake. Fourth Edition, 
with Plates and Diagrams. l2mo, 4s. cloth boards, 

MARINE ENGINES, AND STEAM VESSELS. By Robert 
Murray, C.E. Seventh Edition. i2mo, 3j, 6d. cloth boards. 
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ARflHJPCTUFfE, BUILDING, ETC. 

Constrtution. — 

THE SCIENCE of BUILDING: An Elementaiy Treatise on 
the Principles of Construction. £. Wyndham Tarn, M.A., 
Architect. With 47 Wood Engravings. Ijemy 8vo. &r. 6^. cloth. 

** A very valuable book, which we strongly recommena to all students.” — BuUtUr, 

“ No architectural student should be without this hand-book.” — Archittci, 

Villa Architecture. 

A HANDY B®OK of VILLA J^CHITECTURE : b«^ a 
Series of Designs for Villa Residences in various StylS. With 
Detailed Specincations and Estimates. By C. WiCKES, Architect, 
Author of “ The Spires and Towersof the^ediaeval Churches of Eng- 
land,” d'c. 31 Plates, 4to, half morocco, gilt edges, iL is. 

Also an Enlarged edition of the above. 61 Plates, with Detailed 
Specifications, Estimates, &c. 2/, 2^. half morocco. 

** The whole of the designs bear evidence of their being the work of an artistic 
architect, and they will prove very valuable and suggestive." — Building News. 

Useful Text-Book for Architects. • 

THE ARCIIITECl*fe GUIDE : Being a Text-book of Useful 
Information for Arcliitects, Engineers, Surveyors, Contmetors, 
Clerks of Works, &c., ike. By b'REDERlcJtv Roft'^.Tr ;f»Architect, 
Author of “Specifications for Practical Architecture,” &:c. With 
numerous Illustrations. Crown 8vo, 6 j. cloth. 

‘*Asa text-book of useful information for architects, engineers, surveyors, &c., it 
would be huid to find n handier or more complete little volume.” — Standard. 

Taylor and Cresy s Rome. 

THE ARCHITECTURAL ANTIQUITIES OF ROME. By 
the late G. L. Taylor, Esq., F.S. A., and Eovvard Cresy, Esq, 
New Editifm, thoroughly revised, and supplemented under the 
editorial care of the Rev. Alexander Taylor, M.A. (.son of 
the late G. L. Taylor, Esq.), Chaplain of Gray’s Inn. This is 
the only book which gives on a large scale, and with the precision 
of architectural measurement, the principal Monuments of Ancient 
Rome ill plan, elevation, and detail. Large folio, with 130 Plates, 
half-bound, 3/. 3J. 

Originally published in two volumes, folio, at 18/. i8j. 

Vitruvins' A rchitecturc. 

THE ARCHITECTURE OF MARCUS VITRUVIUS 
POLITO, Translated by Joseph Gwilt, E.S.A., E.R.A.S. 
Numerous Plates. l2mo, cloth limp. 5J*. 

The Young Architect's Book. 

HINTS TO YOUNG ARCHITECTS. By George Wight- 
WICK, Architect. New Edition, revised and enlarged. By G. 
Husklsson Guillaume, Architect. i2mo, cloth boards, 4s. 

** Will be found an acquisiiion to pupils, and a copy ought to be considered as 
necessary a purchase as a box of instruments.” — Architect. 

“ A large amount of information, which young architects will do well to acquire, if 
they wish to succeed in the everyday work of their profession.”— Mechanic. 

Drawing for Builders and StudeJits. 

PRACTICAL RULES ON DRAWING for the OPERATIVE 
BUILDER and YOUNG STUDENT in ARCHITECTURE. 
By George Pyne. With 14 Plates, 4to, 7j. 6^. boards. 



14 WORKS IN ARCHITECTURE, BUILDIN#, ETC., 

The House-Ownef^s Estiniator. 

THE HOUSE-OWNER’S ESTIMATOR; or. What wiU it 
Cost to Build, Alter, or Repair? A Price-Book adapted to the 
Use of Unprofessional People as well as for the Architectural 
Surveyor and Builder. By the late James D. Simon, A.R.I.B. A. 
Edited and Revised ^oy Francis T. W. Miller, Surveyor. With 
numerous Illustrations. Second Edition, with the prices carefully 
corrected to present time. Crown 8vo, cloth, 3J. 6rf'. 

“Ill two years it will rciiay its co.st a hundred times ovex."— Field. 

“^jjery,,handy book for those want to know what arouse will cost to build, 
alter, or repair.” — English Mechanic. 

Boiler and Factory Chimneys. 

BOILER AND FACTORY CHIMNEYS ; their Draught -power 
and S lability, with a chapter on Lightning Conductors. By Robert 
Wilson, C.E., Author of “Treatise on Steam Boilers,’* &c., &c. 
Crown 8vo, ^s. 6d. cloth. 

Civil and Ecclesiastical Btiilding. 

A BOOK ON BUILDING, CiVIL AND ECCLESIASTICAL, 
Including CiiuKCii Rkstokation. By Sir Edmund Beckett, 
Bart., LL.J,h, (XC., F.R.A.S., Chancellor and Vicar-General 
of Voi-K. Author of “Clocks and Watches and Bells,” &c. 
Second Edition, l2mo, $s. cloth boards. 

“ A book which is always amusing and nearly always instructive. Sir E. Beckett 
will be read for the racincss o( his style. Wc are able very cordially to recommend 
all persons to read it for themselves. The style throughout is in the highest degree 
condensed and epigrammatic.”— 

“ We commend the bonk to the thoughtful consideration of all who are interested 
in the building art.**— Bni/dcK 

Architecture, Ancient and Modern. 

RUDIMENTARY ARCHITECTURE, Ancient and Modem. 
Consisting of VITRUVIUS, translated by Joseph Gwilt, 
F.S.A., &c., with 23 fine copper plates; GRECIAN Archi- 
tecture, by the Eaul of Abicrdbkn ; the ORDERS of 
Architecture, by W. II. Leeds, Esq.; The STYLES of Archi- 
tecture of Various Countries, by T. Talbot Bury ; The 
PRINCIPLES of DESIGN in Architecture, by E. L. Garbett. 
In one volume, half-bound (pp. 1 , 100), copiously illustrated, I 2 .r. 
*45* Sold sepai-aUly^ in tivo vols., as jfbllows — 

ANCIENT ARCHITECTURE. Containing Gwilt’s Vitruvius 
and Aberdeen’s Grecian Architecture. Price 6j. half -bound. 

N. B. — This is the only edition of VITRUVIUS procurable at a 
modei-ate price. 

MODERN ARCHITECTURE. Containing the Orders, by Leeds ; 
The Styles, by Bury ; and Design, by Garbett. 6s, half-bound. 

House Painting. 

HOUSE PAINTING, GRAINING, MARBLING, AND 
SIGN WRITING : a Practical Manual of. With 9 Coloured 
Plates of '^^oods and Marbles, and nearly 150 Wood Engravings. 
By Ellis A. Davidson, Author of “Building Construction,” &a 
Third Edition, carefully revised. i2mo, .6j. cloth boards. 

'* Contains a mass of information of use to the amateur and of value to the practical 
man.” — English Mechanic, 
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Plumbingt • > 

PLUMBING ; aText-book to the Practice of the Art or Craft of the 
Plumber. With chapters upon House-drainage, embodying the 
latest Improvements. By W. P. Buchan, Sanitary Engineer. 
Second Edition, enlarged, with 300 illustrations, i2mo. 4s. cloth. 

** The chapters on house-drainage may be usefully consulted, not only by plumbers, 
but also by engineers and all engaged or interested in house-building/’ — Irvn. 

Handbook of Specifications. 

THE HANDBOOK OF SPECIFICATIONS; or, Practical 
Guide to the AAhitect, Engineer, SiBveyor, and Builder, in d>w»-ing 
Up Specifications and Contracts for Works and Constructions. 
Illustrated by Precedents of Buildings jmtually executed by eminent 
Architects and Engineers. By 3 *rufc§or Thomas L. Donald- 
son, M.I.B.A. New Edition, in One large volume, 8vo, with 
upwards of 1000 pages of text, and 33 Plates, cloth, i/. lu. (id. 

** In this work forty-four specifications of executed work.*? are given. . . . Donald- 
son’s Handbook of Specifications must be bought by all architects.*' — Builder. 

Specifications for Practical ArchitccUire. 

SPECIFICATIONS FOR iTrACTICAL ARCHITECTUReT* 
A Guide to the Architect, Engineer, Surveyor, and Builder ; wdth 
an Essay on the Structure and Science of ^lodeii*. Buildings. By 
Frederick Rogers, Architect. 8vo, i$s. clotlii."’ 

A volume of specifications of a practical character being greatly required, and the 
old standard work of Alfred Bartholomew being out of print, the autlior, on the basis 
of that work, has produced the a.hoye. — £.viraci from Preface, 

Designing, Measuring, and Valuing. 

THE STUDENT’S GUIDE to the PRACTICE of MEA. 
SURINGand VALUING ARTIFICERS’ WORKS; containing 
Directions for taking Dimensions, Abstracting the same, and bringing 
the Quantities into Bill, with Tables of Constants, and copious 
Memoranda for the Valuation of Labour and Materials in the re- 
spective Trades of Bricklayer and Slater, Carpenter and Joiner, 
Painter and Glazier, Paperhanger, &c. With 43 Plates and Wood- 
cuts. Originally edited by Edward Dobson, Architect. New 
Edition, re-written, with Additions on Mensuration and Construc- 
tion, and useful Tables for facilitating Calculations and Measure- 
ments. By E. Wyndham Tarn, M.A., 8vo, ioj. (id. cloth. 

“ Well fulfils the promise of its title-page. Mr. Tam’s additions and revisions have 
much increased the usefulness of the work.’*— 

Beatotis Pocket Estimator. 

THE POCKET ESTIMATOR FOR THE BUILDING 
TRADES, being an easy method of estimating the various parts 
of a Building collectively, more especially applied to Carpenters* 
and Joiners' work, priced according to the present value of material 
and labour. By A. C. Beaton, Author of “Quantities and 
Measurements.” Second Edition, Waistcoat-pocket size, is. td. 

Beaton' sBuilders' and Surveyors' Technical Guide. 

THE POCKET TECHNICAL GUIDE AND MEASURER 
FOR BUILDERS AND SURVEYORS: containing a Complete 
Explanation of the Terms used in Building Construction, Memo- 
randa for Reference, Technical Directions for Measuring Work in 
all the Building Trades, &c. By A. C. Beaton. Second Edit. 
Waistcoat-pocket size. is. 6d. 



ts WORKS IN CARRENTRY, TIMBER, ttC., 

Builder's and Cotitractor s 'Price S^otkt 

LOCKWOOD & CO.’S BUILDER’S AND CONTRACTOR’S 
PRICE BOOK, containing the latest prices of all kinds of Builders’ 
Materials and Labour, and of all Trades connected with Building, 
&c., &c. The whole revised and edited by F. T. W. Miller, 
Architect and SurvCj'or. Fcap. half-bound, 4f, 

CARPENTRY, TIMBER, .ETC. 

^ 

Tredgold's Carpenfry, new and cheaper Edition. 
THE ELEMENTa 5 <Y PRINCIPLES OF CARPENTRY: 
a Treatise on the Pressure and Equilibrium of Timber Framing, the 
Resistance of Timber, and the Construction of Floors, Arches, 
Bridges, Roofs, Uniting Iron and Stone with Timber, &c. To which 
is added an Essay on the Nature and Properties of Timber, &c., 
with Descriptions of the Kin|^.s of Wood used in Building ; also 
numerous Tables of the Scantlings of TiLiber for different purposes, 
the Specific Gravities of Materials, &c. By Thomas Trrdgold, 
C.E. Edi^ d by, Peter Barlow, F.R.S. Fifth Edition, cor- 
rected and enlarged. With 64 Plates (il of which now first appear 
in this edition). Portrait of the Author, and several Woodcuts. In 
1 voL, 4to, published at 2/. 2 j., reduced to i/. Jr. cloth. 

** Ought to be in every architect's and every builder’s library, and those who 
do not already po.ssess it ought to avail themselves of the new 
**A work whose monumental excellence must commend it wherever skilful car- 
pentry is concerned. I’he Author’s principles are rather confirmed tlian impaired by 
t me. The additional plates are of great intrinsic ““Building News. 

Grandy s Timber Tables. 

THE TIMBER IMPORTER’S, TIMBER MERCHANT’S, 
and BUILDER’S STANDARD GUIDE. By Richard E. 
Grandy. Comprising : — An Analysis of Deal Standards, Home 
and Foreign, with comparative Values and Tabular Arrangements 
for Fixing Nell Landed Cost on Baltic and North American Deals, 
including all intermediate Expenses, Freight, Insurance, &c., &c. ; 
together with Copious Information for the Retailer and Builder. 
2nd Edition. Carefully revised and corrected. i2mo, 3J. 6^. cloth. 
** Everything it pretends to be: built up gradually, it leads one from a forest to a 
treenail, and throws in, as a makeweight, a host of material concerning bricks, columns, 
cUtems, &c. — all that the class to whom it appeals requires.” — English Mechanic. 

Timber Freii^ht Book. 

THE TIMBER IMPORTERS’ AND SHIPOWNERS’ 
FREIGHT BOOK : Being a Comprehensive Series of Tables for 
the Use of Timber Importers, Captains of Ships, Shipbrokers, 
Builders, and all Dealers in Wood whatsoever. By William 
Richardson, Timber Broker. Crown 8vo, 6r. cloth. 

Tables for Packing-Case Makers. 

PACKING-CASE TABLES ; showing the number of Superficial 
Feet in Boxes or Packing-Cases, from six inches square and 
upwards. Compiled by William Richardson, Accountant. 
Second Edition. Oblong 4to, 3^. hd, cloth. 

'* W-ill save much labour and calculation to packing-cue makers and those who ur< 
” ** lafiniir.utvtns’ tablf-r..'*— 
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Hortou’s^e^urer. * 

THE COMPLETE MEASURER ; setting forth the Measure- 
ment of Boards, Glass, &c. ; Unequal-sided, Square-sided, Oc- 
tagonal-sided, Round Timber and Stone, and Standing Timber. 
With just allowances for the bark in the respective species of 
trees, and proper deductions for the waste in hewing the trees, 
&c.; also a Table showing the solidity of hewn or eight-sided 
timber, or of any octagonal -sided column. By Richard Horton. 
Fourth edition, with considerable and valuable additions, i2mo, 
strongly bounds leather, 5 j. #» 

Hortons Underwood and Woodland Tables. 

TABLES EOR PLANTING AhW) VAI.UING UNDER- 
WOOD AND WOODLAND ; alsoivineal, Superficial, Cubical, 
and Decimal Tables, S:c. By R. Horton. 121110, 2s. leather. 

Nicholson! s Carpenter' s Guide. 

THE CARPENTER’S NEW GUIDE ; or, BOOK of LINES 
for CARPENTERS : comprising all the Elementary I'rinciples 
essential for acquiring a knowftidge of Carpcntiy. Founded on tlftj* 
late Peter Nicholson’s standard work. A new Edition, revised 
by Arthur Ashpitel, F.S.A., together withj’ractical Rules on 
Drawing, by George Pynk. With 74 Plates, 410,’ u. cloth. 

Dowsing s Timber Merchant's Companion. 

THE TIMBER MERCHANT’S AND BUILDER’S COM- 
PANION ; containing New and Copious Tables of the Reduced 
Weight and Measurement of Deals and Battens, of all sizes, from 
One to a Thousand Pieces, also the relative Price that each size 
bears per Lineal Foot to any given Price per Petersburgh Standard 
Hundred, &c., •ic. Also a variety of other valuable information. 
By William Dowsing, Timber Merchant. Tliird Edition, Re- 
vised. Crown 8vo, 3^. cloth. 

‘‘Everything is as concise and clear as it can possibly be made. There can be no 
doubt that every timber merchant and builder ought to possess it ." — Hull Advertiser. 

Pi^actical Timlm' Alcrchant. 

THE PRAC'ilC AT. TIMBER MERCHANT, being a Guide 
for the use of Building Contractors, Surveyors, Builders, &c., 
comprising useful Tables for all purposes connected with the 
Timber Trade, Es.say on the Strength of Timber, Remarks on the 
Growth of Timber, &c. By W. Richardson. Fcap. 8vo, 3J. Ct/. cl. 

Woodworking Machinery, 

AVOODWORKING MACHINKKV ; its Rise, Progress, and 
Construction. With Hints on the Management of .Saw Mills and 
the Economical Conversion of Timber. Illustrated with Examples 
of Recent Designs by leading English, French, and American 
Engineers. By M. Powis Bale, M.I.M.E. Large crown Svo, 
I2jr. (hL cloth. ^Hst published. 

“ Mr. Bale is evidently .an expert on the subject, and he has collected so much 
information that his book is all-sufficient for builders and other^^ngaged in the con- 
version of limber."— ylnr/wAv/. 

“The most comprehensive compendium of wood-working m.achinery we have 
seen. Ihe author is a thorough master of his subject." — Unildin^ Nc^vs. 

“ It should be in the office of every w'ood-workmg English Mcc/utnic, 
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WORKS IN MKCHANICS, ETC.,* 

mechanics! etc.%. •• 


Mechamcs Workshop Companion. 

THE OPERATIVE MECHANIC’S WORKSHOP COM- 
PANION, and TI»: SCIENTIFIC GENTLEMAN’S PRAC- 
TICAL ASSISTANT. By VL Templeton. lath Edit., with 
Mechanical Tables for Operative Smiths, Millwrights, Engineers, 
&c. ; and an Extensive Table of Powers and Roots, i2mo, 5^. bound. 

tejt-liook in which mechawhal and commercial demands are j udiciously met, 
TEMiM-iiTuN’s Companion stands unrivalled.”— 

Admirably adapted to the wants of a very large clas.s. It has met with great 
success in tlic engineering work.shop, a.s we can testify ; and there are a great many 
men who, in a great measure, ow<nheir rise in life to tliis little ^Building News, 

Engineer s a7id Machinist's Assistant. 

THE ENGINEER’S, MILLWRIGHT’S, and MACHINIST’S 
PRACTICAL ASSISTANT ; comprising a Collection of Useful 
Tables, Rules, and Data. Compiled and Arranged, with Original 
Matter, by Wm. Templeton.* 6th Edition. i8mo, 2j. 6d. cloth. 

A more suitable pre.sent to an apprentice to any of Hie mechanicui trades could not 
possibly be made .” — Building Nnus. 

Superficial Aicasurement. 

THE TRADESMAN’S GUIDE TO SUPERFICIAL MEA- 
SU REM ENT. Tables calculated from I to 200 inches in length, 
by I to loS inches in breadth. For the use of Architects, Engineers, 
Timber Merchants, Builders, &c. ByJ. Hawkings. Fep, 3J. (>d. cl. 

The High-Pressure Steam Engine. 

THE HIGH-PRESSURE STEAM ENGINE ; an Exposition 
of its Comparative Merits, and an Essay towards an Improved 
System of Construction, adapted especially to secure Safety and 
Economy. By Dr. Ernst Alban, Practical Machine Maker, 
Plau, Mecklenberg, Translated from the German, with Notes, by 
Dr. Pole, F.R.S., M.LC.E., &c. With 28 Plates, 8vo, i6j. 6</. cl. 

Steam Boilers. 

A TREATISE ON STEAM BOILERS : their Strength, Con- 
struction, and Economical Working. By R. Wilson, C.E. 
Fifth Edition. i2mo,6j'. cloth. 

“ I’hc best work on boilers which has come under our notice ” — Engineering. 
“The best treatise that has ever been published on steam boilers.” — Engineer. 

Power in Motion. 

POWER IN MOTION; Horse Power, Toothed Wheel Gearing, 
Long and Short Driving Bands, Angular Forces, il:c. By James 
Armour, C.E. Willi 73 Diagrams. i2mo, 3^., cloth. 

Mechanics. 

THE HANDBOOK OF MECHANICS. By Dionysius 
Lardner, D.C.L., formerly Professor of Natural Philosophy and 
Astronomy in University College, London. New Edition, Edited 
and considcJfably Enlarged, by Benjamin Loewy, F.R. A.S., &c., 
&c. With 378 Illustrations, post 8vo, 6s. cloth. 

“ Ihe explanations throughout arc studiously popular, and care has been taken to 
show the application of the various branches of physics to the industrial arts, and to 
the practical business of life.” — Mining Journal. 
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WgEMAT lCS, T ABLES, ETC. 

Gregory's Practical Mathematics. 

MATHEMATICS for PRACTICAL MEN j being a Common- 
place Book of Pure and Mixed Mathematics. Designed chiefly 
for the Use of Civil Engineers, Architects,* and Surveyors. Part I. 
Pure Mathematics— comprising Arithmetic, Algebra, Geometry, 
Mensuration, Trigonometry, Conic Sections, Properties of Curves. 
Part II. Mixei^Mathematics — comprising Mechanics in general. 
Statics, Dynamics, Hydrostatics, -a^Iydrodynamics, Pi^eurrx^ics, 
Mechanical Agents, Strength of Materials. With an Appendix of 
copious Logarithmic and other Tables. ^ By Olinthus Gregory, 
LL.D., F.R. A.S. Enlarged by IIeni^y Law, C.E. 4th Edition, 
carefully revised and corrected by J. R. Young, formerly Profes- 
sor of Mathematics, Belfast Coll. With 13 Plates. 8vo, i/. is, doth. 

** The engineer or architect will here find ready to his hand, rules for solving nearly 
every mathematical difficulty that may ari.se in his practice. The rules are in all cases 
explained by means of examples clearly worked out.” — Builder.. 

** One of the most serviceable books for lyactical mechanics. . . . ** —Building NeTU^^ 

The Metric SystSit. 

A SERIES OF METRIC TABLES, In which the British 
Standard Measures and Weights are compared ^itb those of the 
Metric System at present in use on the Continent. By C. H, 
Dowling, C.E, 2nd Edit, revised and enlarged. 8vo, lOJ. 6d. cl. 
“Their accuracy has been certified by Prof. Airy, Astronomer-Royal.”— 

Inwood's Tables, greatly enlarged and improved. 

TABLES FOR THE PURCHASING of ESTATES, Freehold, 
Copyhold, or Lea.seho]d; Annuities, Advowsons, &c., and for the 
Renewing of Leases held under Cathedral Churches, Colleges, or 
other corporate bodies; for Terms of Years certain, and for Lives ; 
also for Valuing Reversionary Estates, Deferred Annuities, Next 
Presentations, &c,, together with Smart’s Five Tables of Compound 
Interest, and an Extension of the same to Lower and Intermediate 
Rates. By Wilijam Inwood, Architect. The 21st edition, with 
considerable additions, and new and valuable Tables of Logarithms 
for the more Difncult Computations of the Interest of Money, Dis- 
count, Annuities, &c., by M. FfeDOR Thoman^ of the Societe 
Cr^it Mobilier of Paris. l2mo, 8j, cloth. 

“ Those interested in the purchase and sale of e.states, and In the adjustment of 
compensation ca.ses. as well as in transactions in annuities, life insurances, &c., will 
find the present edition of eminent $snncc.*'—Enghieering. 

Geometry for the Architect, Engineer, &c. 

PRACTICAL GEOMETRY, for the Architect, Engineer, and 
Mechanic ; giving Rules for the Delineation and Application of 
various Geometrical Lines, Figures and Curves. By E. W. Tarn, 
M.A., Architect, Author of “The Science of Building,” &c. 
With 164 Illustrations. Demy 8vo. I2s. 6d. cloth. 

Mathematical Instruments. 

MATHEMATICAL IN.STRUMENTS : The> Construetjon, 
Adjustment, Testing, and Use ; comprising Drawing, Measuring, 
Optical, Surveying, and Astronomical Instruments. By J. F. 
Heather, M.A. Enlarged Edition, for the most part entirely 
re -written. Numerous Woodcuts. i2mo, 5 j. cloth. 
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Compound Interest and Annuities . . , % 

THEORY of COMPOUND INTEREST imd ANNUITIES ; 
with Tables of Logarithms for the more Difficult Computations of 
Interest, Discount, Annuities, &c., in all their Applications and 
Uses for Mercantile and State Purposes. By F&DOR Thoman, 
of the Society Credit Mobilier, Paris. 3rd Edit., i2mo, 41. 6f/. cl. 

A very powerful work, and the Author has a very remar^ble command of his 
subject.” — Professor A. de Morgan. 

Iron and Metal Trades' Calculator. 

THE IRON AND ]p:TAL TRADES* COMPANION: 

a Calculator containing a Series of Tables upon a new and 
comprehensive plan for expeditiously ascertaining the value of any 
goods bought or sold tiy weight, from is. per cwt. to II2J. per 
cwt., and from one fartiing per Ib. to u. per Ib. Each Tabic ex- 
tends from one lb. to 100 tons. By T. Down I?:. 396 pp., 95-., leather. 

” A most useful set of tables, and will supply a want, for nothing like them before 
existed. ” — lUiiUiiug News. 

Iron and Steel. 

‘IRON AND STEEL’: a 'Work fgr the Forge, Foundry, 
Factory, and Office. Containing Information for Ironmasteis and 
their Stocklakers ; Managers of Bar, Kail, Plate, and Sheet Rolling 
Mills ; imn #nd MtJIUl Founders ; Iron Ship and Bridge Builders ; 
Mechanical, Mining, and Consulting Engineers ; Architects, Builders, 
cS:c. By CiiAUi.KS iloARK, Author of ‘The Slide Rule,’ &C. Eighth 
Edition. With folding Scales of “Foreign Measures compared 
with the Phtglish Foot,” and “fixed Scales of Squares, Cubes, 
and Roots, Areas, Decimal Equivalents, &c.” Oblong, 32mo, 6 j., 
leather, elasticdiaiid. 

” I''or coiuiudiciisivciicss the book has not its equal.*’— /;w/. 

Comprehensive Weight Calculator . 

THE WEIGHT CAUTJLATOR; being a Series of Tables 
upon a New and Comprehensive Plan, exhibiting at one Reference 
the exact Value of any Weight from ill), to 15 tons, a'. 300 Pro- 
gressive Rates, from l Penny to 168 Shillings per cwt., and con- 
taining iS6,ocx3 Direct Answers, which, witli their Conibination.s, 
consisting of a single addition (mostly to be performed at sight), 
will alTord an aggregate of 10,266,000 Answers ; the whole being 
c.alculalcd and designed to ensure Correctne.ss and promote 
Despatch. By IIknrv IIarijen, Accountant, Sheffield. New 
Edition. Royal 8vo, i/. 5^., strongly half-bound. 

Comprehensive Discotml Guide. 

THE DISCOUNT GUIDE : comprising several Scries of Tables 
for the use of Merchants, Manufacturers, Ironmongers, and others, 
by which maybe ascertained the exact profit arising from any mode 
of using Discounts, cither in the Purchase or Sale of Goods, and 
the method of either Altering a Rate of Discount, or Advancing a 
Price, so as to produce, by one operntion, a sum that will realise 
any required profit after allowing one or more Discounts : to which 
are added tables of Profit or Advance from ij to 90 per cent., 
I’ables of Discount from il to 98^ per cent., and Tables of Commis- 
sion, &c., from 4 to 10 per cent. By Henry Hakben, Accountant. 
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^ SCIENCE AND ART. 

entistry. • ^ ^ — 

MECHANICAL DENTISTRY. A Practical Treatise on the 
Construction of the various kinds of Artificial Dentures. Com- 
prising also Useful Formula, Tables, and Receipts for Gold 
Jdate, Clasps, Solders, etc., etc. By Charles Hunter, With 
numerous Wood Engravings. Crown 8vo, 7 j. 6d, cloth. 

‘^The work is very practical!” — Monthly Review of Dental Surgery. 

“An authoritative treatise "We can strongly recommend Mr. Hunter’s 

eatise to all students preparing for the profession of dentistry, as well as to every 
echanical dentist.” — lfiU>lin Journal (f Mcdiei^A Science. m, . 7 - 

“The best book on the subject vrith which we are acquainted.” — Medical Pres9 
nd Circular. 

brewing. • 

A I1AND1500K FOR YOUNG BR’EWKRS. By Herbert 
Edwards Wright, B.A. Crown 8vo, 3^. 6//. cloth. 

“A thoroughly scientific treatise in popular language. It is evident that the 
author has innstcred his subject in its scientific aspects.” — Morning Advertiser. 

“ We would jiarticularly recommend teachers of the art to place it in every pupil’s 
hands, and we feel sure its perusal will bc|^ttended with advantage.” — Brewer. ^ 

Gold and Gold-Working. 

THE GOLDSMITH’S HANDBOOK : containing full instnic- 
tions for the Alloying and Working of GolA Inuudi^^ the Art of 
Alloying, Melting, Reducing, Colouring, Collecting and Refining, 
The processes of Manipulation, Recovery of Waste, Chemical and 
Physical Properties of Gold, with a new System of Mixing its 
Alloys ; Solders?, Enamels, and other useful Rules and Recipes, &c. 
By GEt)RGTcE. Gee, Goldsmith and Silversmith. Second Edition, 
considerably enlarged. i2mo, 3.9. 6f/. cloth boards. 

“A good, .sound, technical educator, and will be generally accepted as an 
authority, it gives lull particulars fur mixing alloys and enaincl.s, is e.ssentiallya book 
for the workshop, and exactly fulfiLs the purjiose intended.” — JJorologicnl Journal. 

The be.st work yet printed on its subject for a reasonable price. Wc have no 
doubt that it will .speedily become a standard book which few will care to be with- 
out. ” — Jc^veller and M cialworkcr. 

“ We consider that the tmde owes not a little to Mr. Tfcc, wlio Ims in two volumes 
comjjressed almost the whole of its literature, and we doubt n->t that many a young 
beginner will owe a part of his future succc.ss to a diligent study ol the i>ages which 
are peculiarly well adapted to his u-sc .” — Clcrkcmvell J^rrss, 

** It is es.scntially a practical manual, intended primarily for the use of working 
jewellers, but is well adapted to the w'ants of anmlcnrs and apprentices, containing, 
as it does, trustworthy inlormaticn that only a practical inau can supply.” — English 
Mechanic. 

Silver and Silver Working. 

Tine SILVERSMITH’S HANDBOOK, containing full In- 
strnctions for ihe Alloying ami Working of Silver, including the 
different modes of refining and melting the metal, its solders, the 
preparation of imitation alloys, methods of manipulation, preven- 
tion of waste, inslnictions for impnjving and finishing the surface 
of the work, together with other useful information and memoranda. 
By George K. Gee, Jew’eller, &c. i2ino, 3J-. ini. cloth boards. 

“ This work is destined to take up as good a position in technical literature as the 
Practical Goldworker^ a l>ook which has passed through the ordeal of critical cx- 
amiiialion and business tests with great success.” — Je^vcllcr anif^Ivialivorker. 

“ The chief merit of the work is its practical character. The workers in the trade 
will speeaily discover its merits when they sit down to study it.” — English Mechanic. 

“This work forms a valuable sequel to the author’s Practical Gotdworkerf and 
Bupplies a want long felt in the silver trade." — Silversmith’s Trade Journal. 
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Dr. Lardner's Museum of Sdenie^ahd Art. 

THE MUSEUM OF SCIENCE AND ART. Edited by 
Dionysius Lardner, D.C.L., formerly Professor of Natural Phi- 
losophy and Astronomy in University College, London. With up- 
wards of 1200 Engravings on Wood. In 6 Double Volumes. 
Price £i in a new and elegant cloth binding, or handsomely 
bound in half morocco, 31X. 6(i. 

OPINIO]^ OF THE PRESS 

“^is scVie.s. bc.sidcs nffordin^ popular hut sound instruction on scientific subjects, 
with which the humblest man in the country ought to be acquainted, also undertiikcs 
that teaching of ‘ common things ’ which every well-wisher of his kind is anxious to 
promote. Many thousand copies of this serviceable publication have been printed, 
in the belief and hope that the <lesire for instruction and improvement widely pre- 
vails ; and we have no fear that such enlightened faith will meet with disappoint- 
ment” — Times. 

“A cheap and intere.sting publication, alike informing and attractive. The papers 
combine subjecl.s of importance and great scientific knowledge, considerable induc- 
tive powers, and a popular style of treatment.” — spectator. 

'*The * Mu.seum of Science and Art ’is the most valuable contribution that has 
’^ever been made to the Scientific Instructimi of every . class of society.” — Sir David 
Bre7vster in tlu North British Review. 

** Whether we consider tlie liberality and beauty of the illustrations, the charm of 
the writing, or thef'Jurablc interest of the matter, we must express our belief that 
there is harffly to be found among the new books, one that would be welcomed by 
people of so many ages and classes as a valuable present.” — Examimr, 

*** Separate books formed from the above^ suitable for WorknufPs 
Libraries^ Science Classes^ ^c, 

COMMON THINGS EXPLAINED. Containing Air, Earth, Fire, 
Water, Time, Man, the Eye, Locomotion, Colour, Cloclb and 
Watches, &c. 233 Illustrations, cloth gilt, 5J. 

THE MICROSCOPE. Containing .Optical Images, Magnifying 
Glasses, Origin and Description of the Microscope, Microscopic 
Objects, the Solar Microscope, Microscopic Drawing and Engrav- 
ing, &c. 147 Illustrations, cloth gilt, 2s, 

POPULAR GEOLOGY. Containing Eartliquakes and Volcanoes, 
the Crust of the Earth, etc. 201 Illustrations, clotli gilt, 2s. 6d, 
POPULAR PHYSICS. Containing Magnitude and Minuteness, the 
Atmosplierc, Meteoric Slones, Popular Fallacies, Weather Prog- 
nostics, tlie Thermometer, the Barometer, Sound, &c. 85 Illus- 

trations, cloth gilt, 2S, (jd, 

STEAM AND ITS USES. Including the Steam Engine, the Lo- 
comotive, and Steam Navigation, 89 Illustrations, cloth gilt, 2s, 
POPULAR ASTRONOMY. Containing How to Observe the 
Heavens. T’he Earth, Sun, Moon, Planets. Light, Comets, 
Eclipses, Astronomical Influences, &c. 182 Illustrations, 45. 6d, 

THE BEE AND WHITE ANTS : Their Manners and Habits. 
With Illustrations of Animal Instinct and Intelligence. 135 lUus- 
tratioms, cloth gilt, 2s. 

THE ELECTRIC TELEGRAPH POPULARISED. To render 
intelligible to all who can Read, irrespective of any previous Scien- 
tific Acquirements, the various forms of Telegraphy in Actual 
Operation. 100 Illustrations, cloth gilt, is, 6d, 
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Dr. Lardif^'t Handbooks of Natural Philosophy. 

•** The foUfliving five volumes, thouyfi each is Complete in itself, and to be Pur~ 
rhased sepnnrtelyy form A Complete Course <»f NATirKAi. Philosoj-hy, and are 
inteiuied for the general reader nvho desires to attain accurate kmnolcdge of the 
various departments of Physical Science, •without pursuing them according to the 
more profound methods of ninthemaiical investigation. The style is studiously 
popular. Jt has been the author's aim to S7tppiy Mmsiuals such as are required oy 
the Student, the Engineer, the Artisan, and the superior classes in Schools. 

THE HANDBOOK OF MECHANICS. Enlarged and almost 
rewritten by Benjamin Loewy, F.R.A.S. With 378 Illustra- 
tions. Post 8^, 6s. cloth. ^ ^ 

** The perspicuity of the original has been retained, and chapters which had 
become obsolete, have been replaced by others of more modern character. The 
explan.'itinn.s throughout arc studiously popular, ^id c.'ire has been taken to show 
the application of the various branches of pliysms to the industrial arts, and to 
the practical husinc.ss of life.” — Mining Jourttnl. 

THE HANDBOOK of HYDROSTATICS and PNEUMATICS. 
New ICdition, Revised and Enlarged by Benjamin Loewy, 
F.R.A.S. With 236 Illustrations. ]*ost 8vo, 5^. cloth. 

** For those ‘who desire to attain an accurate knowledge of phy.sical science with- 
out tlie profound methods of mnthcm.ati^l investigation,’ this work is not merely 
tended, but well adapted.” — (SLemical P^vs. • 

THE HANDBOOK OF HEAT. Edited and almost entirely 
Rewritten by Benjamin Loewy, F.R.A.S., ^tc. 117 Illustra- 
tions. Post 8vo, 6s. cloth. ^ 

“The style is always clear and precise, and conveys instruction without leaving 
any cloudiness or lurking doubts behind.” — Engineering. 

THE HANDBOOK OF OPTICS. New Edition. Edited by 
T. Olver Harding, R.A. 298 Illustrations. Post 8vo, 5^. cloth. 

“ Written by one of the ablest English scientific writers, beautifully and elaborately 
illustrated. - Mechanics' Magazine. 

THE HANDBOOK OF ELECTRICITY, MAGNETISM, and 
ACOUSTICS. New Edition. Edited by Geo. Carey Foster, 
B.A., F.C.S. With 400 Illustrations. Post 8vo, ^s. cloth. 

“ The book could not have licen cntru.stcd to any one better calculated to preserve 
the terse and lucid style of Lirclner, while correcting hLs errors and bringing up his 
work to the present state of scientific knowledge.” — Popular Scicftce Review. 

Dr. Lardner's Handbook of Astronomy. 

THE HANDBOOK OF ASTRONOMY. Forming a Com- 
panion to the “ Handbooks of Natural Philosophy.” By Diony- 
sius Lardner, D.C.L., formerly I’rofessor of Natural Philosophy 
and Astronomy in University College, London. Fourth Edition. 
Revised and Edited by Edwin Dunkin, F. R.S., Royal Observa- 
tory, Greenwich. With 38 Plates and upwards of lOO Woodcuts. 
In I vol., small 8vo, 550 pages, 9J. 6d., cloth. 

“ Probably no other book contains the same amount of inforixation in so com- 
pendious and well-arranged a form — certainly none at the price at which this is 
offered to the public.” — Aihenteum. 

“ We can do no other than pronounce this work a most valuable manual of astro- 
nomy, .and wc strongly recommend it to all who wish to acquire a general — but at 
the same ti.re correct — acquaintance w'ith thissublime science."- -Quarterly yeurnal 
of Science. 

Dr, Lardner's Handbook of Animal Physics, 

THE HANDBOOK OF ANIMAL PHVrjCS. By Dr. 
Lardner. With 520 Illustrations. New edition, small 8vo, 
cloth, 732 pages, *js. 6d. 

“ We have no hesitation in cordially recommending it .** — EducaHonal Times, 
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Dr. Lordlier' s School Hamlbooks. v 

NATURAL PHILOSOPHY FOR SCHOOLS. By Dr, Lardner. 

328 Illustrations. Sixth Edition, i vol. 3J. 6^. doth. 

** Conveys, in clear and pecise terms, general notions of all the principal divisions 
of Physical Science.” — British Quarterly Review. 

ANIMAL PHYSIOLOGY FOR SCHOOLS. By Dr. Lardner. 

With 190 Illustrations. Second Edition, i voL y, 6 d, cloth. 

“Clearly written, well arranged, and excellently illustrated. 

Dr. Lardner’s Electric Telegraph.^ 

THE^ ELECTRIC TeSeGRAPH. I!y Dr. Lardner, Nw 
E dition. Revised and Re-written, by E. B. Bright, F.R. A. S. 
140 Illustrations. Sms^l 8vo, 2,r. (id. cloth. 

“ One of the most readable bookacxtaiit on the Electric Telegraph.”— Mechanic, 

Electricity. 

A MANUAL of ELECTRICITY; including Galvanism, Mag. 
netism, Diamagnetism, Electro-Dynamics, Magneto- Electricity, and 
* the Electric Telegraph. By Henry M. Noad, Ph.D., F.C.S. 
^ Fourth Edition, with 500 Wooncuts. 8^^, i/. t\s, doth. 

“ The accounts given of electricity and galvanism are not only complete in a scientific 
sense, but, wliich i.s iji'.irarer thing, are popular and interesting.' 

Text-Book of Electricity. 

THE STUDENT’S TEXT-BOOK OF ELECTRICITY. By 
Henry M. Noad, Ph.D., F.R.S., F.C.S. New Edition, care- 
fully Revi.sed. With an Introduction and Additional Chapters 
by W. H. Preece, M.I.C.E., Vice-President of the Society of 
Telegraph Engineers, &c. With 470 Illustrations. Crown 8vo, 
I2J. 6f/. cloth. \ytt 5 t published, 

“A reflex of the cxi.sting state of Electrical Science adapted for students.”— 
W. H. Precce, Esq., vide " Introduction.” 

“We can recommend Dr. Noad’s book for clear style, great range of subject, a 
good index, and a plethora of woodcuts. Such collections as the present are indis- 
pensable. ” — A then t uni. 

“ An admirable text-book for every student— beginner or advanced— of electricity.” 
—■Engineering. 

A most elaborate compilation of the facts of electricity and magnetism.” — Popular 
Science Revierw. 

“ May 1)0 recommended to students as one of the best text-books on tlie subject 
that they can have. . . . Mr. IVeece appears to have introduced all the newest 

invsntions in tlie shape of telegr.aphic, telephonic, and electric-lighting apparatus.” — 
English Mechanic, 

“The work contains evtrytliing that the student can require, it is well illustrated, 
clearly written, and possesses a good index.” — Academy. 

“ One of the best and most useful compendiums of any branch of science in our 
literature.” — Iron. 

“ Under the editorial hand of Mr. Precce the late Dr. Noad’s text book of elec* 
tricity has grown into an admirable handlwok.”— IFwfw/Wjf//' 

Geology and Genesis. 

THE TWIN RECORDS OF CREAT.T 0 N ; or. Geology and 
Genesis, their Perfect Harmony and Wonderful Concord. By 
George W.-ViCTOR leVaux. Numerous IllustratioiLs. Fcap. 8yo, 
Ss. cloth. 

“ A valuable contribution to the evidences of revelation, and diipo.ses very conclu- 
sively of the arguments of those w’ho would set God’s Works against God’s Word. 
No real difliculty is shirked, and no sophistry is left unexposed.” — The Rock, 
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Science aftR$3tripture. 

SCIENCE ElfUCIDATIVE OF SCRIPTURE, AND NOT 
ANTAGONISTIC TO IT ; being a Series of Essays on — i. 
Alleged Discrepancies; 2. The Theory of the Geologists and 
Figure of the Earth ; 3. The Mosaic Cognogony ; 4. Miracles in 
general — Views of Hume and Powell ; 5. The Miracle of Joshua — 
Views of Dr. Colenso ; The Supematurally Impossible ; 6. The 
Age of the Fixed Stars, &c. By Prof. J. R. Young. Fcap. 5 j. cl. 

Geology. • » , 

A CLASS-BOOK OF GEOLOGY- Consisting of “Fliysical 
Geology,” which sets forth the Lcading^Principles of the Science ; 
and “Historical Geology,” which treat|^of the Mineral and Organic 
Conditions of the Earth at each successive epoch, especial reference 
being made to the British Series of Rocks. I 3 y Ralph Tate. 
With more than 250 Illustrations. Fcap. 8vo, ^s. cloth. 

Practical Philosophy. 

A SYNOPSIS OF PKACTiCAL PHILOSOPHY, P.y Rev* 
John Carr, M.A., liffe Fellow of Trin. Coll., Camb. iSmo, 5s. cl. 

Mollusca. % 

A MANUAL OF THE MOLLUSCA* being a Treatise on 
Recent and Fossil Shells. By Dr. S. P. Woodward, A.L.S. 
With Appendix by Ralph Tate, A.L.S., P'.G.S. With numer- 
ous Plates and 300 Woodcuts. 3rd Edition. Cr. 8vo, 7 j. ()d, cloth. 

Clocks^ Watches, and Bells. 

RUDIMENTARY TREATISE on CLOCKS, and WATCHES, 
and BELLS. By Sir Edmund Beckett, Bart, (late E. B. 
Denison), LL.D., Q.C., F.R.A.S. Sixth edition, revised and en- 
larged. Limp cloth (No. 67, Weale’s Series), 4J. 6t/.; cloth bds. 5.r. 6<4 
** As a popular and practical treatise it is unapproached,” — English Mechanic. 
**Tlie best work on the subject probably extant. The treatise on bells is un- 
doubtedly the best in the language. ” — Engineering. 

“The only modem treatise on clock-making .” — Horological JoumaU 

Grammar of Colouring. 

A GRAMMAR OF COLOURING, applied to Decorative 
Painting and the Arts. By George Field. New edition, en- 
larged. By Ellis A. Davidson. With new Coloured Diagrams 
and Engravings. i2nio, ^s, 6d. cloth. 

“ The book is a most useful resum^ of the properties of pigments.” — Builder, 

Pictures and Painters. 

THE PICTURE AMATEUR’S HANDBOOK AND DIC- 
TIONARY OF PAINTERS : A Guide for Visitors to Picture 
Galleries, and for Art-Students, including methods of Painting, 
Cleaning, Re-Lining, and Restoring, l^rincipal Schools of Painting, 
Copyists and Imitators. By Philippe Daryl, B.A. Cr.Svo,3J.6f/.d. 

Woods and Marbles {Imitalion of). 

SCHOOL OF PAINTING FOR THE IMWATION OF 
WOODS AND MARBLES, as Taught and Practised by A. R. 
and P. Van der Burg, Directors of the Rotterdam Painting 
Institution. Illustrated with 24 full-size Coloured Plates ; also 
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Delamotte' s W orks on I lluminatim A IphoJiets. 

A PRIMER OF THE ART OF ILLUjSflNATION ; for the 
use of Beginners : with a Rudimentary Treatise on the Art, Prac- 
tical Directions for its Exercise, and numerous Examples taken 
from Illuminated ^^SS., printed in Gold and Colours. By F. DelA- 
MOTTE. Small 4to, 9J. Elegantly bound, cloth antique. 

“ The examples of ancient MSS. recommended to the student, which, with much 
good sense, the author chooses from collections accessible to all, are selected with 
judgment and knowledge, as well as taste.” — AtheuiPum^^ 

ORNAlvIENTAL ALPHtJbETS, ANCIENT and MEDIAEVAL ; 
from the Eighth Century, with Numerals ; including Gothic, 
Church-Text, GermSn, Italian, Arabesque, Initials, Monograms, 
Crosses, &c. Collefted and engraved by Delamotte, and 
printed in Colours. New and Cheaper Edition. Royal 8vo, 
oblong, 2^. bd, omamcntal boards. 

For those who insert enamelled sentences round gilded chalices, who blazon shop 
legends over shtip-dooi-s, who letter church walls with pithy sentences from tlie 
Decalogue, tliis book will be useful.” — A^henoEum. 

EXAMPLES OF MODERN ALPHAifkTS, PLAIN and ORNA- 
MENTAL,; including German, Old English, Saxon, Italic, Per- 
spective, Grcek,^ Hebrew, Court Hand, Engrossing, Tuscan, 
Riband, Gothic, Rustic, and Arabesque, &c., &c. Collected and 
engraved by F. Delamotte, and printed in Colours. New and 
Cheaper Edition. Royal 8vo, oblong, 2s, 6d. ornamental boards. 

“ I’herc is comprised in it, every possible shai)e into which the letters of the alphabet 
and numerals can be formed.” — Standard, 

MEDIAEVAL ALPHABETS AND INITIALS FOR ILLUMI- 
NATORS. By F. Delamotte. Containing 21 Plates, and 
Illuminated Title, printed in Gold and Colours. With an Intro- 
duction by J. Willis Brooks. Small 4to, 6^. cloth gilt. 

THE EMBROIDERER’S BOOK OF DESIGN ; containing Initial.s, 
Emblems, Cyphers, Monograms, Ornamental Borders, F^cclesias- 
tical Devices, Mediaeval and Modem Alphabets, and National 
Emblems. Collected and engraved by F. Delamotte, and 
printed in Colours, Oblong royM 8vo, is. 6d, in ornamental boards. 

Wood- Carving. 

INSTRUCTIONS in WOOD-CARVING, for Amateurs; with 
Hints on Design. By A Lady. In emblematic vnrapper, hand- 
somely printed, with Ten large Plates, 2s, bd. 

** The handicraft of the wood-carver, so well as a book can impart it, may be learnt 
from * A Lady’s ' publication.”— ./I 

Popular Work on Painting. 

PAINTING POPULARLY EXPLAINED; with Historical 
Sketches of the Progress of the Art. By Thomas John Guli.ick, 
Painter, and John Timbs, F.S.A. Fourth Edition, revised and 
enlarged. With Frontispiece and Vignette. In small 8vo, 6^. cloth. 

*** 7 iftj Work has been adopted as a Prize-book in the Schools of 
Art at Smith Kensington. 

“ Contams a large amount of original matter, agreeably conveyed.” — Builder. 

*• Much may be learned, even by those who fancy they do not require to be tfiught, 
from the careful perusal of this unpretending but comprehensive treatise. ^ rt Journal. 
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1 ii-x^ * . ^ 6 GARDEN, or, How to Cultivate Bulbous and 
Tuberous- rooted Flowering Plants to Perfection. A Manual 
adapted for both the Professional and Amateur Gardener. By 
Samuel Wood, Author of “Good Gardening,” etc. With 
Coloured Illustrations and Wood Engravings. Cr. 8vo, 3^. 6d. cloth. 

“ Phe book contains practical suggestions as to the arrangement of the flowers, and 
-he growth of flower-roots for the tradcjas well as for amusement.” — Saturday Review. 

Tree Planting. 

THE TREE ILANTER AND '■PLANT PROPASATOR: 
Being a- Ih-actical Manual on the Propagation of Forest Trees, 
Fruit Trees, Flowering Shrubs, Flowerwg Plants, Pot Herl>s, &c. 
Numerous Illustrations. By Samuel ^JooD. i2mo, 2s. (id. cloth. 

Tree Pruning. 

THE TREK PRUNER : Being a Practical _ Manual on the 
Pruning of Fruit Trees. Including also their Training and Renova- 
tion, with the best Method of bringing Old and Worn-out Trees 
into a state of Bearing; also Seating of the Pruning of Shrubs,^ 
Climbers, and Flowciing Plants. With numerous Illustrations. 
By Samuel Wood. i2mo, 2.r. (id. cloth. published. 

Tree Plantiig, Pruniig, & Pla)it Propagation. 

THE TREE PLANTER, PROPAGATOR, AND PRUNER. 
By Samuel Wood, Author of “ Good Gardening,” &c. Consisting 
of the above Two Works in One Vol., 5^. half-bound. 

Potato Ctilture. 

POTATOES, HOW TO GROW AND SHOW THEM. A 
Practical Guide to the Cultivation and General Treatment of the 
Potato. By Tamk.s Pink. With Illustrations. Cr. 8vo, 2s. cl. 

‘ A well written little volume. The author gives good practical instructions 
’cr both divisions of his subject.” — Agp’icnlUmil Gazette. 

Hudson’s Tables for Land Valuers. 

THE LAND VALUER’S BEST ASSISTANT: being Tables, 
on a very much improved Plan, for Calculating the Value of 
Estates. With Tables for reducing Scotch, Irish, and Provincial 
Customary Acres to Statute Measure, &c. By R. Hudson, C. E. 
New Edition, royal 32mo, leather, gilt edges, elastic band, 4J. 

EwarPs Land Improvers Pocket-Book. 

THE I-AND IMPROVER’S POCKET-BOOK OF FOR- 
MULiE, TABLES, and MEMORANDA, required in any Com- 
putation relating to the Permanent Improvement of Landed Pro- 
perty. By John Ewart, I.,and Surveyor and Agricultural Engineer. 
Royal 32mo, oblong, leather, gilt edges, with elastic band, 4^. 

Complete A^ctilliiral Surveyors Pocket-Book. 

THE I.ANb VALUER’S AND LAND IMPROVER’S COM- 
PLETE POCKET-BOOK ; consisting of the above two works 
bound together, leather, gilt edges, with strap, ']s. (ni\ 

** We consider Hudson's book to be the best rctady-reckoner on matters relating to 
*e valuation of land and crops we have ever seen, and its combination with Mr. 
Ewart’s work greatly enhances the value and usefulness of the latter-mention^ . , 
It is most useful as a manual for reference,*'— iVor/A of Efi^land Farmer, 
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3# WORKS PUBLISHED BY CROSBY LOCl^OOD & CO. 

~ — — — JBtl'C* 

*‘A Complete Epitome o]^ the 
Country." i ^ 

EVERY MAN’S OWN LAWYER ; a Handy-Book of the Prin- 
ciples of Law and Equity. By A Barrister, New Edition, 
much enlarged. With Notes and References to the Authorities. 
Crown 8vo, cloth, price 6s. St/, (saved at every consultation), 
C:OMPRlSI^’G THE RIGHTS AND WRONGS OF INDIVIDUALS, 
MLKCANTILK AND COMMERCIAL LAW, CRIMINAL LAW, PARISH LAW, 
COU^y'Y COURT LAW, G.^IE AND FISUF.RV^LAWS, POOR MEN’s 
LAW, THE LAWS OF 

Bankruptcy— Bills OF Exchance- Settlements— Stock Exchange Prac- 

CoNTRACTS AND AGREEMENTS— CoPY- TICE— TrADK MaRKS AND PATENTS — 
RIGHT— DoWF.K AND DlVOltfE — E lEC- TRESPASS, NuISANCKS, ETC.— TRANSFER 
TIONS AND KkGISTKATION — INSURANCE OF LaND, ETC. — WARRANTY — WiLLS 

—Libel and Slander — Mortgages— and Agreements, etc. 


Also Law for Landlord and Tenant — — Friendly Societies — Clergymen, Church- 
Master and Servant— Workmen and Ap- wardens — Medical Practitioners, &c. — 
prentices —Heirs, Devisees, and Lcga- Bankers — Farmers — Contractors — Stock 
^tees — Husband and Wife — Executors and Share Brokers — Sportsmen and Game- 
and Trustees — Guardian and Ward -• ' keeper^- Farriers and Horse-Dealers — 
Married Women and Infants — Partners ! AuctioTOcrs, House-Agents — Innkeepers, 
and Agents — L^dcr and Borrower — &c. — Pawnbrokers — Surveyors — Kail- 
Debtor and CrdPitor — Purchaser and ways and Carriers, &c., &c. 

Vendor — Companies ana Associations 

“ No Englishman ought to be without this book.** — Engineer. 

“What it professes to be — a complete epitome of the laws of this country, thoroughly 
intelligible to non-professumal readers. 'The book is a handy one to have in readiness 
when some knotty jioint reejuires ready solution." — Beil's Life. 

“ A concise, cheap, and complete epitome of the English law, so plainly written 
that he who runs may read, and lie who reads may understand." — Eigaro. 

“ A useful and concise epitome of the law.” — Mognziuc, 

*• Full of iiifoniialion, filly expressed without the aifl of technical expres.slons, and 
to the general public will, we douht not, prove of considcrrdile worth." — Economist. 

Anciio/icer's Assistant. 

THE APPRAISER, AUCTIONEER, BROKER, HOUSE 
AND ESTATE AGENT, AND VALUER’S POCKET AS- 
SISTANT, for Ike Valuation for Purchase, Sale, or Renewal of 
Lea.ses, Annuities, and Reversions, and of property generally; 
with Prices for Inventories, &c. By John Wiikei.er, Valuer, &c, 
Eourlli Edition, enlarged, by C, Norris. Royal 32 mo, cloth, $s, 

“A neat and concise book of reference, conudning an admirable and clearly- 
arranged list of pnccs for inventories, and a very practical guide to determine the 
value of furniture, &c.” — liia7uiLi>tL 

Ajictioiicerinc^. 

AUCTlONEl^KS : TIIKIR DUTIES AND I-IABILITIES. 
By RoliKRT SoujniJS, Auctioneer. Demy 8vo, loj, 6d. cloth. 

House Property. 

HANDBOOK OF HOUSE PROPERTY : a Popular and Prac- 
tical Guide to the Purchase, Mortgage, Tenancy, and Compulsory 
Sale of Houses and Land ; including the Law of Dilapidations and 
Fixtures ; with Exidanations and Examples of all kinds of Valua- 
tions, and useful Information and Advice on 'Building. By E. L. 
Tarhu^k, Arcliitect and Surveyor. 2nd Edition. i2mo, 3^. 6d, cl. 
‘We are glad to be able to recommend it.” — Builder. 

“ The advice is thoroughly practical .”— JoumaL 


DnuUmry, Agnew, & Co., Printers, Wbitefrlais, London. 




